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A Small Molecule that Walks Non-Directionally Along a Track Without 
External Intervention 
Araceli G. Campaña, Armando Carlone, Kai Chen, David T. F. Dryden, David A. Leigh,* Urszula 
Lewandowska, and Kathleen M. Mullen 
Kinesin, dynein, and some myosin, motor proteins transport cargoes 
within the cell by ‘walking’ along polymeric filaments, i.e. carrying 
out successive, repetitive, mostly-directional changes of their point 
of contact with the molecular track without completely detaching 
from it.[1] These extraordinary biomolecules are inspiring scientists 
to mimic aspects of their dynamics in order to create artificial 
molecular transport systems.[2,3] Recently, the first small molecules 
that are able to walk down short molecular tracks were described.[2] 
However, external intervention (the addition of chemical reagents 
and/or irradiation with light) are required to mediate each step taken 
by the walker units in the non-DNA systems reported to date. 
Although migrations of submolecular fragments occur in many 
different types of chemical reaction,[4] relatively few systems appear 
to offer the potential for multiple successive and cumulative 
transport necessary for developing small-molecule walkers.[5] An 
interesting exception appeared to be the so-called equilibrium 
transfer alkylating cross-linking (ETAC) reagents introduced in the 
1970s by Lawton and co-workers for the dynamic cross-linking of 
biomolecules.[6,7] These reagents reversibly form covalent bonds 
between pairs of accessible nucleophilic sites on proteins through a 
series of inter- and intramolecular Michael and retro-Michael 
reactions until the most thermodynamically-stable crosslink is 
located (Scheme 1a).[6a] We wondered whether it would be possible 
to apply a similar concept, focusing instead on chemistry where the 
crosslinked products are less stable than those attached by a single 
covalent bond, in order to make synthetic small molecules that 
migrate with a high degree of processivity[8] along a linear 
molecular track.  
Here we describe the attachment of α-methylene-4-nitrostyrene 
to oligoethylenimine tracks and the dynamics of its subsequent 
migration from amine group to amine group without fully detaching 
via a sequence of intramolecular Michael and retro-Michael 
reactions. In this way the α-methylene-4-nitrostyrene units move 
towards the most thermodynamically favored distribution of walkers 
on oligoamine tracks (Scheme 1b). 
 
 
Scheme 1. a) The migration of an ETAC[6,7] reagent between 
nucleophilic sites of a protein via Michael/retro-Michael reactions 
towards the most thermodynamically stable cross-linked product. b) 
Processive (i.e. overwhelmingly intramolecular) migration of α-
methylene-4-nitrostyrene along a polyamine track. Michael addition of 
a track amine group to the olefin of the ‘two-legged walker’ results in a 
bridged intermediate (both ‘feet’ attached to the track, shown in 
square brackets) that can subsequently undergo a retro-Michael 
reaction to either side, unmasking the double bond and leaving the 
walker attached to the track through a single covalent bond. An 
intramolecular sequence of Michael and retro-Michael reactions, 
which require no external intervention, results in the passing of the 
walker unit between the various amine groups on the track under 
thermodynamic control, with the walker only rarely (on average once 
every ~530 steps under the conditions employed in Scheme 2/Figure 
1) completely detaching from the track. 
 
A model walker-track conjugate, 1, was synthesized in which α-
methylene-4-nitrostyrene was attached to an outer amine group of a 
triamine track and then allowed to exchange between secondary 
amine footholds (Scheme 2a, see Supporting Information for 
experimental procedures and characterization data). The reaction 
was followed by 1H NMR spectroscopy through the different 
chemical shift of vinyl protons (Hc and Hd) of isomers 1 and 2 
(Figure 1).  
The kinetics of the amine-to-amine migration of the α-
methylene-4-nitrostyrene unit (‘walking’) is highly solvent 
dependent.[9] Starting from pristine 1 (5 mM), no formation of 2 was 
observed in CDCl3 or CD2Cl2 over 15 h at room temperature and the 
reaction only proceeded slowly in CD3OD (<10% conversion over 
15 h) or CD3CN (<25% conversion over 15 h). However, the 
interconversion of 1 with 2 reached a close-to-1:1 steady-state ratio 
of 1:2 over 15 h in [D7]DMF or 4.5 h in [D6]DMSO (298 K, 5 mM). 
Increasing the concentration of the starting material ten-fold (to 50 
mM 1) gave no change in the rate constant of the reaction nor the 
1:2 isomer ratio, suggesting the Michael-retro-Michael exchange 
process is predominantly intramolecular (see Supporting 
Information).[10] Partial 1H NMR spectra of the exchange between 1 
and 2 in [D6]DMSO (298 K, 5 mM) is shown in Figure 1. A half-life 
t1/2 = 1.5 h was determined for the stepping process (see Supporting 
Information). 
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Scheme 2. Transfer of α-methylene-4-nitrostyrene between 
secondary amine groups through (a) 1,4-N,N-migration and (b) 
possible 1,7- or 1,10-N,N-migration. The experimental results show 
that under conditions ([D6]DMSO, 298 K, 5 mM) where t1/2 = 1.5 h for 
(a), the double (1,7-) and triple (1,10-) ‘over-stepping’ shown in (b) is 
not detectable over 48 h, suggesting that they would be rare events 
during walker migration along a polyethylenimine track.  
 
 
Figure 1. Partial 1H NMR spectra (400 MHz, [D6]DMSO, 5 mM, 298 
K) of exchange between 1 and 2 at: a) t = 5 min, 1:2 ratio 1:0.06; b) t 
= 2 h, 1:2 ratio 1:0.6; c) t = 15 h, 1:2 ratio 1:0.9. The lettering 
corresponds to the proton labelling shown in Scheme 2. 
To determine the processivity of the migration reaction, the 
exchange between 1 and 2 (Scheme 2a) was performed in the 
presence of a different, walker-free, track (see Supporting 
Information for details). After 3 days, less than 6% of the walkers 
had detached from the original track or transferred to the different 
track[9] (see Supporting Information). Accordingly, under these 
conditions each α-methylene-4-nitrostyrene unit takes on average 
~530 ‘steps’ between amine groups before completely detaching 
from its track, which is several times the processivity of most wild-
type kinesin motor proteins (typically mean step number 75-175).[10] 
To determine how likely the walker is to take a ‘double’ (1,7-) 
or ‘triple’ (1,10-) step while migrating along the track we prepared 
diamine tracks with five (3) or eight (5) methylene groups between 
the secondary amine sites (Scheme 2b).[11] The initial site of 
attachment of the α-methylene-4-nitrostyrene was deuterium 
labelled in order to distinguish the walker position (i.e. 3 or 4; 5 or 
6) by 1H NMR spectroscopy. Under conditions where single (1,4-) 
stepping occurs for 1/2 with a t1/2 = 1.5 h, no reaction was observed 
for either 3 or 5 over 48 h (see Supporting Information). This 
suggests that on a longer polyamine track the walker should migrate 
predominantly through exchange between adjacent amine footholds. 
The large number of steps that the α-methylene-4-nitrostyrene 
walker takes on average before competing reactions occur (over-
stepping, complete detaching or exchange with other tracks) is 
presumably a consequence of the relatively low energy seven-
membered ring transition state for 1,4-N,N-migration. 
Having established that an α-methylene-4-nitrostyrene walker 
can exchange between the amino groups of a di- or triamine track in 
a stepwise fashion with a high degree of processivity, we sought to 
demonstrate that the walker could migrate along a longer track 
through this mechanism and perform an observable task. A five-
foothold walker–track conjugate 7, incorporating an anthracene 
group situated at the far end of the pentaethylenimine track from the 
initial site of attachment of the walker, was prepared as shown in 
Scheme 3. Pentamine 8 was desymmetrized via reductive amination 
with 3-phenylpropionaldehyde and subsequent reaction with 9-
anthraldehyde to give 9. The α-methylene-4-nitrostyrene walker unit 
was introduced (10) exclusively to the amine furthest from the 
anthracene group. Subsequent deprotection gave compound 7 in 
which the walker was free to migrate along the five-foothold track 
from its original position.  
Model compounds showed that the distance between the α-
methylene-4-nitrostyrene unit and the anthrylmethyl moiety in the 
track influences its fluorescence.[12] Fluorescence lifetime 
measurements showed that static quenching by the nitrostyrene 
group quenches the anthracene fluorescence (see Supporting 
Information). Dilution experiments confirmed that the quenching 
observed was from an intramolecular mechanism.  
 
 
Scheme 3. Synthesis of five-foothold walker–track conjugate 7. i) 3-
phenylpropionaldehyde, EtOH, RT, 72 h; ii) NaBH4, RT, 24 h, 60 % 
(two steps); iii) 9-anthraldehyde, EtOH, RT, 72 h; iv) NaBH4, RT, 24 h, 
55 % (two steps); v) MeOH, N,N-diisopropylethylamine (DIPEA), 
50 °C, 72 h, 30 %; vi) CH2Cl2, CF3CO2H, 5 h, quantitative. See 
Supporting Information for details. 
Molecular walker-track conjugate 7 was submitted to walking 
conditions (DMSO, 7.14 × 10-5 M, 298 K) and its fluorescence 
emission spectrum recorded periodically.[13] The fluorescence 
intensity diminished by 54% over 6.5 h after which time the 
fluorescence intensity became almost invariant (Figure 4a).  
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The walker migration in 7 was also monitored by 1H NMR 
spectroscopy, albeit under more concentrated conditions to give a 
suitable signal-to-noise ratio ([D6]DMSO, 20 mM, 298 K, Figure 
2b). The reaction was monitored every 0.5 h and after 3 h signals 
indicating that a proportion of the walker units had reached the fifth 
foothold of the track were observed (Figure 2b). After 6.5 h no 
further changes were observed in the 1H NMR spectrum until 
signals attributed to degradation of the anthracene moiety started to 
appear.[14] Accordingly, both 1H NMR and fluorescence 
measurements indicate that the walking of the α-methylene-4-
nitrostyrene unit proceeds back-and-forth along the 
pentaethylenimine track producing a steady distribution of walkers 
over the five-foothold track after 6.5 h.  
 
 
 
Figure 2. a) Fluorescence quenching (exc = 366 nm, em = 413 nm) in 
7 (DMSO + 0.25% CF3CO2H, 1.78 × 10-5 M) as a result of migration of 
α-methylene-4-nitrostyrene along the oligoamine track. b) Partial 1H 
NMR spectra (400 MHz, [D6]DMSO, 20 mM, 298 K) of the reaction 
mixture at: t = 5 min (top); t = 1 h (middle); t = 6.5 h (bottom). The 
dashed lines connect some of the key signals indicative of the walker 
position. * Walkers attached to the inner three amine footholds. + 
Walkers attached to the anthrylmethylamine group. The lettering and 
coloring corresponds to the proton labelling shown in Scheme 3. 
In conclusion, we have described a system in which a small 
synthetic molecular walker migrates along oligoamine tracks 
without external intervention moving towards an equilibrium 
distribution of walkers over all possible positions on the track. In 
terms of synthetic molecular machine properties, this walker-track 
system is reminiscent of a rotaxane-based molecular shuttle with 
degenerate stations.[15] The walker-track system uses a transferable 
covalent linkage between the α-methylene-4-nitrostyrene and the 
oligoethylenimine to ensure processivity and determine the 
preferred positions of the substrate on the track, while a rotaxane-
based molecular shuttle uses a mechanical linkage and attractive 
non-covalent interactions between a macrocycle and specific sites 
on the thread.  
The small-molecule walking process is processive and takes 
place predominantly in a stepwise fashion via a Michael-retro-
Michael addition mechanism between adjacent amines. The position 
of the walker can be precisely determined on short tracks by 1H 
NMR spectroscopy and on longer tracks the progress of walker 
migration can be inferred by performance of a simple task: 
quenching of the fluorescence of an anthracene group at one end of 
the track by the walker. Work towards developing walkers that 
consume a fuel in order to move directionally, and which carry 
cargoes along extended and branched tracks, is currently ongoing in 
our laboratory. 
Received: ((will be filled in by the editorial staff)) 
Published online on ((will be filled in by the editorial staff)) 
Keywords: fluorescence quenching · Michael addition · molecular 
devices · molecular machines · molecular walkers 
[1] a) Molecular Motors (Ed.: M. Schliwa), Wiley-VCH, Weinheim, 
2003; b) R. D. Vale, Cell 2003, 112, 467–480. 
[2] a) M. von Delius, E. M. Geertsema, D. A. Leigh, Nat. Chem. 2010, 2, 
96–101; b) S. Otto, Nat. Chem. 2010, 2, 75–76; c) M. von Delius, E. 
M. Geertsema, D. A. Leigh, D.-T. D. Tang, J. Am. Chem. Soc. 2010, 
132, 16134–16145; d) M. J. Barrell, A. G. Campaña, M. von Delius, E. 
M. Geertsema, D. A. Leigh, Angew. Chem. 2011, 123, 299–304; 
Angew. Chem. Int. Ed. 2011, 50, 285–290. 
[3] a) P. Yin, H. Yan, X. G. Daniell, A. J. Turberfield, J. H. Reif, Angew. 
Chem. 2004, 116, 5014–5019; Angew. Chem. Int. Ed. 2004, 43, 4906–
4911; b) J. Bath, S. J. Green, A. J. Turberfield, Angew. Chem. 2005, 
117, 4432–4435; Angew. Chem. Int. Ed. 2005, 44, 4358–4361; c) Y. 
Tian, Y. He, Y. Chen, P. Yin, C. Mao, Angew. Chem. 2005, 117, 
4429–4432; Angew. Chem. Int. Ed. 2005, 44, 4355–4358; d) P. Yin, H. 
M. T. Choi, C. R. Calvert, N. A. Pierce, Nature 2008, 451, 318–322; 
e) S. J. Green, J. Bath, A. J. Turberfield, Phys. Rev. Lett. 2008, 101, 
238101–238104; f) T. Omabegho, R. Sha, N. C. Seeman, Science 
2009, 324, 67–71; g) K. Lund, et al. Nature 2010, 465, 206–210; h) H. 
Gu, S. J. Xiao, N. C. Seeman, Nature 2010, 465, 202–205; i) Y. He, D. 
R. Liu, Nat. Nanotechnol. 2010, 5, 778–782; j) S. F. J. Wickham, M. 
Endo, Y. Katsuda, K. Hidaka, J. Bath, H. Sugiyama, A. J. Turberfield, 
Nat. Nanotechnol. 2011, 6, 166–169; k) R. A. Muscat, J. Bath, A. J. 
Turberfield, Nano Lett. 2011, 11, 982–987. 
[4] For examples of molecular rearrangements, see: a) L. Kurti, B. Czakó 
in Strategic applications of named reactions in organic synthesis, 
Elsevier, Oxford, 2005. Successive Cope rearrangements: b) J. P. 
Ryan, P. R. O’Connor, J. Am. Chem. Soc. 1952, 74, 5866–5869. Base-
induced interconversion of bullvalone isomers: c) A. R. Lippert, J. 
Kaeobamrung, J. W. Bode, J. Am. Chem. Soc. 2006, 128, 14738–
14739; d) A. R. Lippert, V. L. Keleshian, J. W. Bode, Org. 
Biomol.Chem. 2009, 7, 1529–1532; e) A. R. Lippert, A. Nagawana, V. 
L. Keleshian, J. W. Bode, J. Am. Chem. Soc. 2010, 132, 15790–
15799; f) M. He, J. W. Bode, Proc. Nat. Acad. Sci. U.S.A. 2011, 108, 
14752–14756. Processive metal atom migrations along molecular 
scaffolds: g) D. Strawser, A. Karton, O. V. Zenkina, M. A. Iron, L. J. 
W. Shimon, J. M. L. Martin, M. E. van der Boom, J. Am. Chem. Soc. 
2005, 127, 9322–9323. Kumada catalyst-transfer polycondensations: 
h) R. Tkachov, V. Senkovskyy, H. Komber, J.-U. Sommer, A. Kiriy, 
J. Am. Chem. Soc. 2010, 132, 7803–7810; i) H. Komber, V. 
Senkovskyy, R. Tkachov, K. Johnson, A. Kiriy, W. T. S. Huck, M. 
Sommer, Macromolecules 2011, 44, 9164–9172; j) A. Kiriy, V. 
Senkovskyy, M. Sommer, Macromol. Rapid Commun. 2011, 32, 
1503–1517. Haptotropism along extended π-systems: k) K. H. Dötz, 
H. C. Jahr, Chem. Rec. 2004, 4, 61–71; l) T. A. Albright, P. I. Dosa, T. 
N. Grossmann, V. N. Khrustalev, O. A. Oloba, R. Padilla, R. Paubelle, 
A. Stanger, T. V. Timofeeva, K. P. C. Vollhardt, Angew. Chem. Int. 
 4
Ed. 2009, 48, 9853–9857; m) T. A. Albright, S. Oldenhof, O. A. 
Oloba, R. Padilla, K. P. C. Vollhardt, Chem. Commun. 2011, 47, 
9039–9041; n) C. J. Czerwinski, I. A. Guzei, K. M. Riggle, J. R. 
Schroeder, L. C. Spencer, Dalton Trans. 2011, 40, 9439–9446. 
Processive crown ether migration along oligoamine scaffolds: o) D. P. 
Weimann, H. D. F. Winkler, J. A. Falenski, B. Koksch, C. A. 
Schalley, Nat. Chem. 2009, 1, 573–577; p) H. D. F. Winkler, D. P. 
Weimann, A. Springer, C. A. Schalley, Angew. Chem. Int. Ed. 2009, 
48, 7246–7250. One-dimensional diffusion on a six-fold symmetric 
Cu(111) surface: q) K.-Y. Kwon, K. L. Wong, G. Pawin, L. Bartels, S. 
Stolbov, T. S. Rahman, Phys. Rev. Lett. 2005, 95, 166101; r) K. L. 
Wong, G. Pawin, K.-Y. Wong, X. Lin,T. Jiao, U. Solanki, R. H. J. 
Fawcett, L. Bartels, S. Stolbov, T. S. Rahman, Science 2007, 315, 
1391–1393; s) Z. Cheng, E. S. Chu, D. Sun, D. Kim, M. Luo, G. 
Pawin, K. L. Wong, R. Carp, M. Marsella, L. Bartels, J. Am. Chem. 
Soc. 2010, 132, 13578–13581.  
[5] M. von Delius, D. A. Leigh, Chem. Soc. Rev. 2011, 40, 3656–3676. 
[6] a) S. Mitra, R. G. Lawton, J. Am. Chem. Soc. 1979, 101, 3097–3110; 
b) F. A. Liberatore, R. D. Comeau, J. M. McKearin, D. A. Pearson, B. 
Q. Belonga, S. J. Brocchini, J. Kath, T. Phillips, K. Oswell, R. G. 
Lawton, Bioconjugate Chem. 1990, 1, 36–50; c) R. B. del Rosario, S. 
J. Brocchini, R. G. Lawton, R. L. Wahl, R. Smith, Bioconjugate Chem. 
1990, 1, 51–59; d) R. B. del Rosario, L. A. Baron, R. G. Lawton R. L. 
Wahl, Nucl. Med. Biol. 1992, 19, 417–421. 
[7]  Recently, structurally related three carbon bridges were used as 
disulfide-specific intercalators in proteins (a) S. Balan, J. Choi, A. 
Godwin, I. Teo, C. M. Laborde, S. Heidelberger, M. Zloh, S. Shaunak, 
S. Brocchini, Bioconjugate Chem. 2007, 18, 61–76) and peptides (b) 
A. Pfisterer, K. Eisele, X. Chen, M. Wagner, K. Müllen, T. Weil, 
Chem. Eur. J. 2011, 35, 9697–9707). Pfisterer et al. provide 1H NMR 
evidence for the three-carbon-bridge formed through the addition–
elimination mechanism originally proposed by Lawton et al. See: ref. 
[6a].  
[8] Processivity is the tendency of the molecular fragment (i.e. the 
walker) to remain attached to the track during operation, i.e. to 
migrate along a molecular scaffold without detaching or exchanging 
with other molecules in the bulk. See ref. [5]. 
[9] As t1/2 = 1.5 h for the amine-exchange process, the average number of 
steps taken in 3 days is ~48.  
[10] a) R. D. Vale, T. Funatsu, D. W. Pierce, L. Romberg, Y. Harada, T. 
Yanagida, Nature 1996, 380, 451–453; b) R. B. Case, D. W. Pierce, N. 
Hom-Booher, C. L. Hart, R. D. Vale, Cell 1997, 90, 959–966. 
[11] Although changing the spacer varies the conformation of the molecule, 
the distance between the outer footholds is similar and the tracks are 
flexible. 
[12] For an investigation of structurally-related fluorophore-spacer-
receptor systems, see: B. Bag, P. K. Bharadwaj, J. Phys. Chem. B 
2005, 109, 4377–4390. 
[13] The fluorescence of anthrylmethylamines is quenched by 
intramolecular photoinduced electron transfer (PET) from the nitrogen 
lone pair to the anthracene moiety. a) S. Alves, F. Pina, M. T. Albelda, 
E. G. España, Eur. J. Inorg. Chem. 2001, 405–412; b) C. Soriano, S. 
V. Luis, G. Greiner, I. Maier, Chem. Soc. Perkin Trans. 2002, 2, 
1005–1011; c) A. J. Bradbury, S. F. Lincoln, K. P. Wainwright, New J. 
Chem. 2008, 32, 1500–1508; d) S. E. Plush, S. F. Lincoln, K. P. 
Wainwright, Inorg. Chim. Acta 2009, 362, 3097–3103. For this reason 
it was necessary to protonate samples before recording emission 
spectrum in order to avoid folding of the molecule and prevent 
intramolecular PET from occurring. e) G. Nishimura, Y. Shiraishi, T. 
Hirai, Chem. Commun. 2005, 5313–5315; f) Y. Shiraishi, Y. Tokitoh, 
G. Nishimura, T. Hirai, Org. Lett. 2005, 7, 2611–2614. Experimental 
procedure: Compound 7 was dissolved in DMSO (spectrophotometric 
grade) at 7.14 × 10-5 M. Periodically, an aliquot (1.00 mL) was 
quenched with CF3CO2H (10.0 μL), diluted to 1.78 × 10-5 M, and the 
fluorescence spectrum recorded (λex = 366 nm). 
 [14] A small amount (<5%) of additional signals attributed to 
decomposition of 7 began to be apparent in the 1H NMR spectrum 
after 7.5 h. 
[15]  E. R. Kay, D. A. Leigh, F. Zerbetto, Angew. Chem. 2007, 119, 72–
196; Angew. Chem. Int. Ed. 2007, 46, 72–191. 
 
 
 5
 
Molecular Walkers 
Dr. A. G. Campaña, Dr. A. Carlone, Dr 
K. Chen, Dr. D. T. F. Dryden, Prof. D. A. 
Leigh,* U. Lewandowska, Dr. K. M. 
Mullen________ Page – Page 
A Small Molecule that Walks Non-
Directionally along a Track without 
External Intervention  
 
A small synthetic molecule is able to walk back-and-forth upon a five-foothold 
pentaethylenimine track without external intervention. The 1D random walk is highly 
processive (mean step number ~530) and exchange takes place between adjacent 
amine groups in a stepwise fashion. The walker is used to perform a simple task: 
quenching of the fluorescence of an anthracene group sited at one end of the track 
as a result of the walking progress.  
 
Campaña et al. ‘A Small Molecule that Walks Non-Directionally…’ S1 
 
 
Supporting Information 
A Small Molecule that Walks Non-Directionally Along a 
Track without External Intervention 
Araceli G. Campaña, Armando Carlone, Kai Chen, David T. F. Dryden, David A. 
Leigh,* Urszula Lewandowska, Kathleen M. Mullen  
School of Chemistry, University of Edinburgh, The King’s Buildings, West Mains 
Road, Edinburgh EH9 3JJ, UK 
* E-mail: David.Leigh@ed.ac.uk 
 
Contents 
 
1. Experimental procedures, synthesis and characterization…………………………S3 
1.1. General…………………………………………………………………..S3 
1.2. Synthesis overview……………………………………………………...S4 
1.3. Synthetic procedures and characterization data………………………..S11 
1.4. 1H NMR spectra of selected compounds………………………………S31 
2. Experiments starting from three-foothold track-walker conjugate 1…………….S32 
2.1. Solvent dependency of the walking process…………………………...S32 
2.2. Ratio of 1:2 in different solvents over time……………………………S35 
2.3. Influence of the concentration on the walking process………………...S36 
2.4. Rate constants and t1/2 of the walking in DMSO as a solvent………….S36 
3. Processivity study……..…………………………………………………………S37 
3.1. MS analysis of reference mixture of 1, S4, S6 and S8 in a 1:1:1:1 molar 
ratio…………………………………………………………………………S38 
3.2. MS analysis of mixture of 1 and S6 (1:1 molar ratio) after operation....S39 
3.3. MS analysis of mixture of S4 and S8 (1:1 molar ratio) after operation..S40 
3.4. MS analysis of mixture of S4 and S8 (1:1 molar ratio) at different 
exchange times……………………………………………………………...S40 
Campaña et al. ‘A Small Molecule that Walks Non-Directionally…’ S2 
 
4. Overstepping study………………………………………………………………S41 
5. Fluorescence experiments on model compounds……………………………......S43 
5.1. Fluorescence intensity of model compounds……………………..……S43 
5.2. Fluorescence lifetime measurements…………………………………..S46 
5.3. Influence of concentration on the fluorescence intensity………………S47 
6. Experiments starting from five-foothold track-walker conjugate 7……………...S48 
7. References………………………………………………………………………..S49 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Campaña et al. ‘A Small Molecule that Walks Non-Directionally…’ S3 
 
1. Experimental procedures, synthesis and characterization 
1.1. General 
Unless otherwise stated, all reagents were purchased from commercial sources and 
used without further purification. Dry CH2Cl2, CHCl3 and THF were obtained by 
passing the solvent (HPLC grade) through an activated alumina column on a 
PureSolv™ solvent purification system (InnovativeTechnologies, Inc., MA). Dry 
DMF and MeOH were purchased from Sigma-Aldrich. The synthesis of compounds 
S1,[1] 8,[1] and 10[2] are described elsewhere. Flash column chromatography was 
carried out using Kieselgel C60 (Merck, Germany) as the stationary phase. Analytical 
TLC was performed on precoated silica gel plates (0.25 mm thick, 60F254, Merck, 
Germany) and observed under UV light. All 1H and 13C NMR spectra were recorded 
on Bruker AV 400, AV 500 (cryoprobe), at a constant temperature of 298 K. 
Chemical shifts are reported in parts per million and referenced to residual solvent. 
Coupling constants (J) are reported in Hertz (Hz). Standard abbreviations indicating 
multiplicity were used as follows: m = multiplet, quint. = quintet, q = quartet, t = 
triplet, d = doublet, s = singlet, b = broad. Assignment of the 1H NMR signals was 
accomplished by two-dimensional NMR spectroscopy (COSY, NOESY, HSQC, 
HMBC). All melting points were determined using a Sanyo Gallenkamp apparatus 
and are uncorrected. Mass spectrometric analysis was carried out by the mass 
spectrometry services at the University of Edinburgh and by the EPSRC National 
Centre at the University of Wales, Swansea. Steady-state fluorescence intensity 
measurements were performed on an Edinburgh Instruments FS900 
spectrofluorometer (Edinburgh Instruments) with a 5 nm bandwidth. The cuvette path 
lengths were 10 mm. Time-correlated single-photon counting was performed with a 
home built time-resolved fluorimeter equipped with an Edinburgh Instruments 
TCC900 single photon counting card, 376 nm pulsed LED driven by a PDL 800-B 
pulsed diode laser driver (PicoQuant Gmbh) and a PMH-100-3 single photon 
counting photomultiplier tube (Becker & Hickl Gmbh). A 405 nm pulsed laser 
(Edinburgh Instruments) was also sometimes used. Emission wavelengths were 
selected with a monochromator. Polarisation was applied using quartz Glan–
Thompson polarisers and the magic angle was used. Cuvette pathlengths were 10 mm 
and the emission bandpass was 20 nm. Fluorescence decays were fitted using a 
multiexponential decay equation with the minimum number of decay components 
required to obtain a χ2 value close to 1.  
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1.2. Synthesis overview 
 
Scheme S1. a) 3-Phenylpropionaldehyde, EtOH, RT, 72 h; b) NaBH4, RT, 24 h, 23% (two steps); c) 
MeOH, DIPEA, 50 °C, 72 h, 29%; d) CH2Cl2, TFA, 5 h, 98%; e) CH2Cl2, TFA, 5 h, 97%. 
 
 
 
 
Scheme S2. a) 3-Phenylpropionaldehyde, EtOH, RT, 72 h; b) NaBH4, RT, 24 h, 21% (two steps); c) 
MeOH, DIPEA, 50 °C, 72 h, 47%; d) CH2Cl2, TFA, 5 h, 85%; e) CH2Cl2, TFA, 5 h, quant. 
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Scheme S3. a) MeOH, DIPEA, 50 °C, 72 h, 79%. 
 
 
 
Scheme S4. a) 9-Anthraldehyde, EtOH, RT, 72 h; b) NaBH4, RT, 24 h, 21% (two steps); c) CH2Cl2, 
TFA, 5 h, 79%; d) MeOH, DIPEA, 50 °C, 72 h, 20%; e) CH2Cl2, TFA, 5 h, 93%. 
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Scheme S5. a) 3-phenylpropionaldehyde, EtOH, RT, 72 h; b) NaBH4, RT, 24 h, 38% (two steps); c) 9-
Anthraldehyde, EtOH, RT, 72 h; d) NaBH4, RT, 24 h, 55% (two steps);  e) MeOH, DIPEA, 50 °C, 72 h, 
42%; f) CH2Cl2, TFA, 5 h, quant. 
 
 
 
Scheme S6. a) SOCl2, MeOH, RT, 15 h, quant. b) LiAlD4, THF, RT, 15 h, 91%; c) DMP, CH2Cl2, RT, 
16 h, 79%. 
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Scheme S7. a) 3-Phenylpropionaldehyde-d, EtOH, RT, 72 h; b) NaBD4, RT, 24 h, 44% (two steps); c) 
TFAOEt, CH2Cl2, 0 °C, 2 h; d) Boc2O, Et3N, RT, 12 h, 76% (two steps);  e) NaOHaq, MeOH, RT, 5 h; f) 
3-phenylpropionaldehyde, EtOH, RT, 72 h; g) NaBH4, RT, 24 h, 41% (two steps); h) MeOH, DIPEA, 
50 °C, 72 h, 88%; i) CH2Cl2, TFA, 5 h, 52%. 
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Scheme S8. a) 3-Phenylpropionaldehyde, EtOH, RT, 72 h; b) NaBH4, RT, 24 h, 35% (two steps); c) 
TFAOEt, CH2Cl2, 0 °C, 2 h; d) Boc2O, Et3N, RT, 12 h, 75% (two steps); e) NaOHaq, MeOH, RT, 5 h, 
71%; f) 3-phenylpropionaldehyde-d, EtOH, RT, 72 h; g) NaBD4, RT, 24 h, 47% (two steps); h) MeOH, 
DIPEA, 50 °C, 72 h, 77%; i) CH2Cl2, TFA, 5 h, 52%. 
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Scheme S9. a) 3-Phenylpropionaldehyde, EtOH, RT, 72 h; b) NaBH4, RT, 24 h, 40% (two steps); c) 
TFAOEt, CH2Cl2, 0 °C, 2 h; d) Boc2O, Et3N, RT, 12 h, 88% (two steps);  e) NaOHaq, MeOH, RT, 5 h, 
67%; f) 3-phenylpropionaldehyde-D, EtOH, RT, 72 h; g) NaBH4, RT, 24 h, 47% (two steps); h) MeOH, 
DIPEA, 50 °C, 72 h, 76%; i) CH2Cl2, TFA, 5 h, 53%. 
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Scheme S10. a) 3-Phenylpropionaldehyde-D, EtOH, RT, 72 h; b) NaBH4, RT, 24 h, 33% (two steps); c) 
TFAOEt, CH2Cl2, 0 °C, 2 h; d) Boc2O, Et3N, RT, 12 h, 47% (two steps);  e) NaOHaq, MeOH, RT, 5 h, 
20%; f) 3-phenylpropionaldehyde, EtOH, RT, 72 h; g) NaBH4, RT, 24 h, 20% (two steps); h) MeOH, 
DIPEA, 50 °C, 72 h, 80%; i) CH2Cl2, TFA, 5 h, quant. 
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1.3. Synthetic procedures and characterization data 
Trimethyl-[2-(4-nitro-phenyl)-allyl]-ammonium iodide (S10) 
 
Synthesized according to a literature procedure.[2]  
1H NMR (400 MHz, MeOD): δ = 8.29 (d, J = 9.0 Hz, 2H, Ha), 7.82 (d, J = 8.9 Hz, 2H, 
Hb), 6.12 (s, 1H, Hc), 5.98 (s, 1H, Hd), 4.59 (s, 2H, He), 3.03 (s, 9H, Hf). 
 
tert-Butyl-N, N'-bis(2-aminoethyl)carbamate (S1) 
 
Synthesized according to a literature procedure.[1] 
1H NMR (400 MHz, CDCl3): δ = 3.33 (t, J = 6 Hz, 4H, Hc), 2.92 (t, J = 5.8 Hz, 4H, 
Hb), 1.46 (s, 9H, Hd), 1.28 (bs, 4H, Ha). 
 
2,2-Dimethyl-N,N-bis-[2-(3-phenylpropylamino)-ethyl]-propionamide (S2) 
 
To a solution of tert-butyl N,N'-bis(2-aminoethyl)carbamate S1 (863 mg, 4.25 mmol, 
1.0 equiv.) in dry EtOH (250 mL), 3-phenylpropionaldehyde (1.00 mL, 7.65 mmol,  
1,8 equiv.) was added in one portion. The reaction was stirred under N2 for 24 h at 
room temperature. NaBH4 (1.6 g, 42.3 mmol, 10 equiv.) was then added in portions 
and reaction was kept stirring under N2 for another 24 h. After this time H2O (100 mL) 
was added to the reaction mixture and product was extracted with CH2Cl2 (3 x 100 
mL). The combined organic phases were washed with brine, dried over MgSO4 and 
the solvent was removed under reduced pressure. Column chromatography (SiO2, 
MeOH/CH2Cl2/NH3 4:96:1) gave S2 (411 mg, 23%) as a colorless oil. 1H NMR (400 
MHz, CDCl3): δ = 7.32 – 7.23 (m, 8H, Ha,b), 7.22 – 7.14 (m, 4H, Hc), 3.51 – 3.31 (m, 
4H, Hg), 2.96 – 2.76 (m, 4H, Hh), 2.67 (dt, J = 15.0, 7.5 Hz, 8H, Hd,f), 1.85 (dt, J = 
15.1, 7.6 Hz, 4H, He), 1.45 (s, 9H, Hi). 13C NMR (101 MHz, CDCl3): δ = 155.80, 
141.39, 128.46, 128.34, 126.01, 80.18, 48.62, 47.89, 47.85, 33.38, 30.65, 28.45. 
HRMS ESI [M+H]+ C27H42O2N3 calc. 440.3272, found 440.3268. 
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2,2-Dimethyl-N-{2-[[2-(4-nitro-phenyl)-allyl]-(3-phenylpropyl)-amino]-ethyl}-N-
[2-(3-phenylpropylamino)-ethyl]-propionamide (S3) 
 
To a degassed solution of S2 (156 mg, 0.35 mmol, 1.0 equiv.) in dry MeOH (30 mL), 
10 (100 mg, 0.29 mmol, 0.82 equiv.) was added in one portion. Reaction mixture was 
kept stirring under N2 at 50 °C for 72 h in the presence of DIPEA (183 μL, 1.05 mmol, 
3 equiv.). After this time, reaction was cooled to room temperature and H2O (30 mL) 
was added. Mixture was extracted with CH2Cl2 (2 x 30 mL), dried over MgSO4 and 
the solvents were removed under reduced pressure. Column chromatography (SiO2, 
MeOH/CH2Cl2, 2:98) gave S3 (40 mg, 29%) as an orange oil. 1H NMR (400 MHz, 
CDCl3): δ = 8.17 (d, J = 8.6 Hz, 2H, Hw), 7.61 (d, J = 8.7 Hz, 2H, Hv), 7.33-7.24 (m, 
4H, Hb), 7.20 (t, J = 7.8 Hz, 4H, Ha), 7.13 (d, J = 7.4 Hz, 2H, Hc), 5.55 (s, 1H, Ht), 
5.43 (s, 1H, Hu), 3.51 (s, 2H, Hm), 3.37-3,11 (m,  4H, Hk,l), 2.86 – 2.42 (m, 14H, 
Hd,f,h,i,n,o), 1.90-1.74 (m, 4H, He,o), 1.45 (s, 9H, Hj). 13C NMR (126 MHz, CDCl3): δ = 
156.03, 147.10, 146.67, 144.11, 141.84, 141.68, 128.43, 128.37, 128.35, 128.33, 
127.26, 125.96, 125.88, 123.45, 118.84, 58.96, 53.54, 51.59, 48.34, 48.30, 33.54, 
33.41, 31.42, 30.79, 29.72, 29.16, 28.46, 28.23. HRMS ESI [M+H]+ C36H49O4N4 calc. 
601.3748, found 601.3731. 
 
N-{2-[[2-(4-Nitro-phenyl)-allyl]-(3-phenylpropyl)-amino]-ethyl}-N'-(3-
phenylpropyl)-ethane-1,2-diamine (1) 
 
To a solution of S3 (40 mg, 0.07 mmol, 1.0 equiv.) in CH2Cl2 (3 mL), trifluoroacetic 
acid (3 mL) was added dropwise. The reaction was left stirring open to air, at RT, and 
the disappearance of the substrate was monitored by ESI-MS. After 5 h, 5 mL of 
CH2Cl2 was added to the reaction mixture and solution was carefully neutralized 
using NaHCO3 (sat). The layers were separated and the aqueous layer was extracted 
with CH2Cl2 (5 mL). The combined organic layers were dried over MgSO4 and the 
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solvents were removed under reduced pressure to give 1 (32 mg, 97%) as an orange 
oil.  1H NMR (500 MHz, CDCl3): δ = 8.29 – 8.09 (m, 2H, Hw), 7.60 – 7.50 (m, 2H, 
Hv), 7.31 – 7.23 (m, 4H, Hb,r), 7.23–7.17 (m, 2H, Ha,s), 7.17 – 7.07 (m, 4H, Hq,c), 5.54 
(s, 1H, Hu), 5.42 (s, 1H, Ht), 3.56 (s, 2H, Hm), 2.79 (s, 4H, Hh,i), 2.77 – 2.67 (m, 4H, 
Hk,l), 2.64 – 2.55 (m, 4H, Hp,d), 2.55 – 2.45 (m, 4H, Hn,f), 1.84 – 1.68 (m, 4H, Ho,e). 
13C NMR (126 MHz, CDCl3): δ = 147.23, 146.42, 143.35, 141.41, 140.61, 128.61, 
128.50, 128.29, 128.27, 127.35, 126.28, 126.13, 123.63, 119.96, 58.69, 52.93, 51.05, 
48.05, 45.66, 45.52, 33.43, 32.95, 32.84, 29.85, 27.52. HRMS ESI [M+H]+ 
C31H41O2N4 calc. 501.3224, found 504.3219. 
 
N-(3-Phenylpropyl)-N'-[2-(3-phenylpropylamino)-ethyl]-ethane-1,2-diamine (S4) 
 
To a solution of S2 (100 mg, 0.02 mmol, 1.0 equiv.) in CH2Cl2 (5 mL), trifluoroacetic 
acid (5 mL) was added dropwise. The reaction was left stirring open to air, at RT, and 
the disappearance of the substrate was monitored by ESI-MS. After 5 h, 5 mL of 
CH2Cl2 was added to the reaction mixture and solution was neutralized using 
NaHCO3 (sat). The layers were separated and the aqueous layer was extracted with 
CH2Cl2 (10 mL). The combined organic layers were dried over MgSO4, and the 
solvents were removed under reduced pressure to give S4 (75 mg, 98%) as colorless 
oil.  1H NMR (500 MHz, CDCl3): δ = 7.36 – 6.97 (m, 10 H, Ha,b,c), 3.06 – 2.98 (m, 2H, 
Hh), 2.98 – 2.87 (m,  4H, Hg,d), 2.72 (t, J = 7.6 Hz, 1H, Hf), 2.14 (dt, 15.1, 7.6 Hz ,2H, 
He). 13C NMR (126 MHz, CDCl3): δ = 139.93, 128.62, 128.32, 126.34, 47.84, 47.79, 
45.75, 32.57, 27.23. HRMS ESI [M+H]+ C22H34N3 calc. 340.2747, found 340.2750. 
 
2, 2'-([(tert-Butoxycarbonyl)imino]bis{ethylene[(tert-butoxycarbonyl) 
imino]}diethan-1-amine (8) 
N N Na
b c
NH2H2N
O O O O O O
d
e
f
g h
8  
Synthesized according to a literature procedure.[1] 
1H NMR (400MHz, CDCl3): δ = 3.34 (s, 8H, Hg,h), 3.26 (t, J = 5.4 Hz, 4H, Hc), 2.83 (t, 
J = 6.2 Hz, 4H, Hb), 1.46 (s, 27H, Hf), 1.16 (bs, 4H, Ha). 
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{2-[tert-Butoxycarbonyl-(2-{tert-butoxycarbonyl-[2-(3-phenylpropylamino)-
ethyl]-amino}-ethyl)-amino]-ethyl}-[2-(3-phenylpropylamino)-ethyl]-carbamic 
acid tert-butyl ester (S5) 
 
To a solution of 8 (190 mg, 0.388 mmol, 1.0 equiv.) in dry EtOH (50 mL), 3- 
phenylpropionaldehyde (0.776 mmol, 106 μL, 2.o equiv.) was added in one portion. 
The reaction was stirred under N2 for 24 h at room temperature. NaBH4 (4.66 mmol, 
176 mg, 12 equiv.) was then added in portions and reaction was kept stirring under N2 
for another 12 h. After this time H2O (50 mL) was added to the reaction mixture and 
product was extracted with CH2Cl2 (3 x 100 mL). The combined organic phases were 
washed with brine, dried over MgSO4 and the solvent was removed under reduced 
pressure. Column chromatography (SiO2, MeOH/CH2Cl2 5:95) gave S5 (61 mg, 21%) 
as a colorless oil. 1H NMR (500 MHz, CDCl3): δ = 7.30 (t, J = 7.3 Hz, 4H, Hb), 7.26 – 
7.04 (m, J = 7.7 Hz, 6H, Ha,c), 3.65 – 3.03 (m, 12Hi,k,l,h), 2.98 – 2.59 (m, 12H, Hd,f,g), 
1.95 – 1.75 (m, 4H, He), 1.47 (s, 27H, Hj,m). 13C NMR (126 MHz, CDCl3): δ = 155.41, 
141.96, 128.37, 128.36, 125.82, 79.87, 49.31, 48.37, 47.99, 45.67, 33.57, 31.83, 29.71, 
28.49. [M+H]+ C41H68O6N5 calc. 726.5164, found 726.5158. 
 
N-(3-Phenylpropyl)-N'-(2-{2-[2-(3-phenylpropylamino)-ethylamino]-
ethylamino}-ethyl)-ethane-1,2-diamine (S6) 
 
To a solution of S5 (50 mg, 0.07 mmol, 1.00 equiv.) in CH2Cl2 (3 mL), trifluoroacetic 
acid (3 mL) was added dropwise. The reaction was left stirring open to air, at RT and 
the disappearance of the substrate was monitored by ESI-MS. After 5 h, 5 mL of 
CH2Cl2 was added to the reaction mixture and solution was neutralized using 
NaHCO3 (sat). The layers were separated and the aqueous layer was extracted with 
CH2Cl2 (1 x 10 mL). The combined organic layers were dried over MgSO4, and the 
solvents were removed under reduced pressure to give S6 (25 mg, 85%) as an orange 
oil. 1H NMR (500 MHz, CDCl3): δ = 7.33 – 7.23 (m, J = 12.8, 5.2 Hz, 4H, Hb), 7.23 – 
7.18 (m, 2H, Ha), 7.18 – 7.08 (m, 4H, Hc), 3.17 – 3.08 (m, 4H, Hg), 3.08 – 2.82 (m, 
14H, Hd,k,l,i), 2.66 (t, J = 7.6 Hz, 4H, Hf), 2.06 (dt, J = 15.7, 7.9 Hz, 4H, He).  13C 
NMR (126 MHz, CDCl3): δ = 140.21, 128.74, 128.42, 126.48, 48.02, 47.70, 47.12, 
45.18, 45.02, 32.91, 27.48. [M+H]+ C26H44N5 calc. 426.3591, found 426.3591. 
Campaña et al. ‘A Small Molecule that Walks Non-Directionally…’ S15 
 
 (2-{tert-Butoxycarbonyl-[2-(tert-butoxycarbonyl-{2-[[2-(4-nitro-phenyl)-allyl]-(3-
phenylpropyl)-amino]-ethyl}-amino)-ethyl]-amino}-ethyl)-[2-(3-
phenylpropylamino)-ethyl]-carbamic acid tert-butyl ester (S7) 
 
To a degassed solution of S5 (110 mg, 0.15 mmol, 2.0 equiv.) in dry MeOH (30 mL), 
10 (26 mg, 0.07 mmol, 1.0 equiv.) was added in one portion. The reaction mixture 
was kept stirring under N2 at 50 °C for 72 h in the presence of DIPEA (36 μL, 0.21 
mmol, 3 equiv.). After this time, the reaction was cooled to room temperature and 
H2O (30 mL) was added. The mixture was extracted with CH2Cl2 (2 x 30 mL), dried 
over MgSO4 and the solvents were removed under reduced pressure. Column 
chromatography (SiO2, MeOH/CH2Cl2, 5:95) gave S7 (29 mg, 47%) as an orange oil. 
1H NMR (400 MHz, CDCl3): δ = 8.09 (d, J = 7.2 Hz, 2H), 7.54 (d, J = 8.4 Hz, 2H), 
7.28 – 7.14 (m, J = 20.2 Hz, 4H), 7.11 (t, J = 6.4 Hz, 2H), 7.04 (d, J = 7.2 Hz, 4H), 
5.47 (s, 1H), 5.35 (s, 1H), 3.39 (s, 2H), 3.36 – 2.97 (m, 12H, Hi,k,l,n,o,q,r), 2.88 – 2.36 
(m, J = 46.7, 35.4, 28.2 Hz, 12H, Hd,f,g,r,s,u), 1.89 – 1.61 (m, 4H, He,t), 1.36 (s, 19H), 
1.31 (s, J = 3.3 Hz, 9H). 13C NMR (126 MHz, CDCl3): δ = 155.91, 155.23, 155.05, 
147.04, 146.87, 146.67, 144.33, 144.12, 142.03, 141.80, 128.49, 128.36, 128.31, 
128.28, 127.30, 126.13, 125.90, 123.43, 118.63, 80.27, 79.82, 79.52, 59.23, 59.12, 
53.68, 53.54, 52.05, 51.61, 48.67, 48.29, 48.03, 46.09, 45.21, 33.58, 33.23, 28.45, 
29.70, 29.37.  [M+H]+ C50H70N608 calc. 887.5641, found 887.5638. 
 
N-[2-(2-{2-[[2-(4-Nitro-phenyl)-allyl]-(3-phenylpropyl)-amino]-ethylamino}-
ethylamino)-ethyl]-N'-(3-phenylpropyl)-ethane-1,2-diamine (S8) 
 
To a solution of S7 (20 mg, 0.02 mmol, 1.00 equiv.) in CH2Cl2 (3 mL), trifluoroacetic 
acid (3 mL) was added dropwise. The reaction was left stirring open to air, at RT, and 
the disappearance of the substrate was monitored by ESI-MS. After 5 h, 5 mL of 
CH2Cl2 was added to the reaction mixture and solution was carefully neutralized 
using NaHCO3 (sat). The layers were separated and the aqueous layer was extracted 
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once with CH2Cl2 (5 mL). The combined organic layers were dried over MgSO4 and 
the solvents were removed under reduced pressure to give S8 (13 mg, quant.) as an 
orange oil. 1H NMR (400 MHz, CDCl3): δ = 8.15 (d, J = 8.9 Hz, 2H, Hc’), 7.54 (d, J = 
8.9 Hz, 2H, Hb’), 7.33–7.22 (m, 4H, Hb,w), 7.23–7.16 (m, 2H, Ha,x), 7.16 – 7.07 (m, 4H, 
Hc,v), 5.50 (s, 1H, Ha’), 5.34 (s, 1H, Hz), 3.38 (s, 2H, Hy), 2.98 (s, 4H, Hg,i), 2.93–2.77 
(m, 10H, Hf,k,l,n,o), 2.76 – 2.57 (m, 6H, Hd,q,r), 2.48 (t, J = 8.0 Hz, 2H, Hu), 2.41 (t, J = 
8.0 Hz, 2H, Hs), 2.04 (dt, J = 7.7, 7.7 Hz, 2H, He), 1.70 (dt, J = 7.6, 7.6 Hz, 2H, Ht). 
13C NMR (101 MHz, CDCl3): δ = 146.95, 146.64, 143.91, 141.76, 140.13, 128.51, 
128.29, 128.22, 127.23, 126.21, 125.79, 123.35, 118.96, 58.87, 53.25, 50.84, 48.05, 
47.56, 47.14, 46.45, 46.39, 46.27, 45.57, 33.38, 32.66, 31.85, 29.63, 27.87. [M+H]+ 
C35H50N602Na calc. 609.3887, found 609.3903. 
 
 (2,3-Dihydroanthracen-9-ylmethyl)-methyl-[2-(4-nitro-phenyl)-allyl]-amine (S9) 
 
To a degassed solution of 9-(methylaminomethyl)anthracene (50 mg, 0.22 mmol, 1.0 
equiv.) in dry MeOH (30 mL), 10 (78 mg, 0.22 mmol, 1.0 equiv.) was added in one 
portion. The reaction mixture was kept stirring under N2 at 50 °C for 48 h in the 
presence of DIPEA (117 μL, 0.813 mmol, 3.0 equiv.). After this time, a product has 
precipitated from the reaction mixture. The orange solid was filtered off and washed 
with MeOH to give S9 (68 mg, 79%) as an orange powder. 1H NMR (500 MHz, 
CDCl3): δ = 8.45 (s, 1H, He), 8.31 (d, J = 8.9 Hz, 2H, Ha), 8.02 (d, J = 8.4 Hz, 2H, Hd), 
7.78 (d, J = 8.7 Hz, 2H, Hl), 7.47 (t, J = 7.4 Hz, 2H, Hc), 7.40 (t, 2H, Hb), 7.15 (d, J = 
8.7 Hz, 2H, Hk), 5.51 (s, 1H, Hi), 5.37 (s, 1H, Hj), 4.47 (s, 2H, Hf), 3.42 (s, 2H, Hh), 
2.34 (s, 3H, Hg). 13C NMR (125 MHz, CDCl3): δ = 146.87, 146.00, 144.23, 131.53 
(3C), 131.50 (2C), 129.70, 129.20 (2C), 127.90, 127.38 (4C), 125.78 (2C), 125.08, 
125.07, 123.09, 118.63, 61.39, 53.76, 42.39. HRMS ESI [M+H]+ C25H23O2N2 calc. 
383.1754, found 383.1757.  
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(2-Aminoethyl)-(2-{[2-({2-[(anthracen-9-ylmethyl)-amino]-ethyl}-tert-
butoxycarbonyl-amino)-ethyl]-tert-butoxycarbonyl-amino}-ethyl)-carbamic acid 
tert-butyl ester (S10) 
N N Ne NH2NH
O O O O O O
a
b
d
c
f g
h i
j
k k
m
n o
p
q r
s
S10
 
 
To a solution of 8 (550 mg, 1.2 mmol, 4.28 equiv.) in dry EtOH (150 mL), 9-
anthraldehyde (58 mg, 0.28 mmol, 1.0 equiv.) was added in portions. The reaction 
was stirred under N2 for 72 h at room temperature. NaBH4 (68 mg, 1.68 mmol, 6.0 
equiv.) was then added in portions and reaction was kept stirring under N2 for another 
24 h. After this time H2O (100 mL) was added to the reaction mixture and product 
was extracted with CH2Cl2 (3 x 50 mL). The combined organic phases were washed 
with brine, dried over MgSO4 and the solvent was removed under reduced pressure. 
Column chromatography (SiO2, MeOH/CH2Cl2/NH3 2.5:97.5:1.5) gave S10 (135 mg, 
71%) as an orange oil. 1H NMR (400 MHz, CDCl3): δ = 8.48 – 8.23 (m, 3H, Ha,e), 
8.00 (d, J = 7.9 Hz, 2H, Hb), 7.58 – 7.39 (m, 4H, Hc,d), 4.74 (s, 2H, Hf), 3.57 – 3.13 (m, 
13H Hg, i-r), 3.02 (d, J = 21.7 Hz, 2H, Hh), 2.79 (bs, 2H, Hr), 1.69 – 1.30 (m, 27H, 
Hj,m,p). 13C NMR (101 MHz, CDCl3): δ = 155.75 (3C), 131.78 (2C), 130.39 (2C), 
129.24 (2C), 127.33, 126.27, 126.19, 125.05 (2C), 124.42, 124.20, 79.98 (3C), 51.18, 
50.47, 48.99, 48.58, 47.22, 46.02, 45.79, 45.54, 41.06, 40.73, 28.55 (9C). HRMS ESI 
[M+H]+ C38H58O6N5 calc. 680.4382, found 680.4879. 
 
 (2-{[2-({2-[(Anthracen-9-ylmethyl)-amino]-ethyl}-tert-butoxycarbonyl-amino)-
ethyl]-tert-butoxycarbonyl-amino}-ethyl)-{2-[2-(4-nitro-phenyl)-allylamino]-
ethyl}-carbamic acid tert-butyl ester (S11) 
 
To a degassed solution of S10 (80 mg, 0.12 mmol, 1.0 equiv.) in dry MeOH (10 mL), 
10 (36 mg, 0.11 mmol, 0.9 equiv.) was added in one portion. The reaction mixture 
was kept stirring under N2 at 50 °C for 72 h in the presence of DIPEA (62 μL, 0.36 
mmol, 3.0 equiv.). After this time, the reaction was cooled to room temperature and 
H2O (15 mL) was added. The mixture was extracted with CH2Cl2 (2 x 15 mL), dried 
over MgSO4 and the solvents were removed under reduced pressure. Column 
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chromatography (SiO2, MeOH/CH2Cl2, 5:95) gave S11 (32 mg, 20%) as an orange oil. 
1H NMR (400 MHz, CDCl3): δ = 8.40 (s, 1H, Ha), 8.37 – 8.28 (m, 2H, He), 8.16 (d, J 
= 8.6 Hz, 2H, Hb ), 8.00 (d, J = 8.3 Hz, 2H, Hy), 7.59 (d, J = 8.9 Hz, 2H, Hx), 7.56 – 
7.49 (m, 2H, Hc), 7.49 – 7.41 (m, 2H, Hd), 5.53 (s, 1H, Hw), 5.42 (s, 1H, Hv), 4.76 (s, 
2H, Hf), 3.66 (s, 2H, Ht), 3.51 – 3.12 (m, 12H, Hi,k,l,n,o,g,r), 3.02 (d, J = 22.1 Hz, 2H, 
Hh), 2.77 (s, 2H, Hr), 1.51 – 1.30 (m, 27H, Hj,m,p). 13C NMR (101 MHz, CDCl3): δ = 
155.61 (3C), 147.13, 144.74 (2C), 131.55 (3C), 130.35 (2C), 129.1 5(2C), 127.33, 
127.04, 126.17 (2C), 124.96, 124.19, 124.02, 123.64, 116.94, 79.82 (3C), 52.73, 
48.72, 47.49 (2C), 45.60 (8C), 30.00 28.43 (9C). [M+H]+ C47H65O8N6 calc. 841.4858, 
found 841.4864. 
 
N-(2-{2-[(Anthracen-9-ylmethyl)-amino]-ethylamino}-ethyl)-N'-{2-[2-(4-nitro-
phenyl)-allylamino]-ethyl}-ethane-1,2-diamine (S12) 
 
To a solution of S11 (20 mg, 0.02 mmol, 1.0 equiv.) in CH2Cl2 (3 mL), trifluoroacetic 
acid (3 mL) was added dropwise. The reaction was left stirring open to air, at RT, and 
the disappearance of the substrate was monitored by ESI-MS. After 5 h, 5 mL of 
CH2Cl2 was added to the reaction mixture and solution was carefully neutralized 
using NaHCO3 (sat). The layers were separated and the aqueous layer was extracted 
with CH2Cl2 (5 mL). The combined organic layers were dried over MgSO4, and the 
solvents were removed under reduced pressure to give S12 (13 mg, 93%) as an orange 
oil.  1H NMR (500 MHz, CDCl3): δ = 8.39 (s, 1H, Ha), 8.33 (d, J = 8.8 Hz, 2H, He), 
8.00 (d, J = 8.4 Hz, 2H, Hb), 7.57 – 7.49 (m, 2H, Hc), 7.49 – 7.42 (m, 2H, Hd), 4.73 (s, 
2H, Hf), 3.06 – 2.19 (m, 22H, Hg-s). 13C NMR (126 MHz, CDCl3): δ = 147.12, 146.16, 
143.95, 131.45(3C), 130.45(2C), 129.23(2C), 127.78(2C), 127.04(2C), 126.99(2C), 
126.47, 125.15, 123.99, 123.61, 117.41, 52.66, 47.73, 47.35, 47.24, 46.90, 46.26, 
46.11, 45.84, 45.53, 44.69, 29.72. [M+H]+ C32H41O2N6 calc. 541.3286, found 
541.3284. (for HRMS, the HCl salt was used for stability purposes).  
 
N-(2-Aminoethyl)-N'-(2-{2-[(anthracen-9-ylmethyl)-amino]-ethylamino}-ethyl)-
ethane-1,2-diamine (S13) 
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To a solution of S10 (70 mg, 0.1 mmol, 1.0 equiv.) in CH2Cl2 (3 mL), trifluoroacetic 
acid (3 mL) was added dropwise. The reaction was left stirring open to air, at RT, and 
the disappearance of the substrate was monitored by ESI-MS. After 5 h the solvent 
was removed under reduced pressure and the residue was taken-up with 15 N NaOH. 
The aqueous layer was extracted with CHCl3 (3 x 25 mL). The combined organic 
layers were dried over MgSO4 and solvent was removed under reduced pressure to 
give S13 (30 mg, 79%) as an orange oil. 1H NMR (500 MHz, CDCl3): δ = 8.39 (s, 1H, 
Ha), 8.33 (d, J = 8.8 Hz, 2H, He), 8.00 (d, J = 8.4 Hz, 2H, Hb), 7.57 – 7.49 (m, 2H, Hc), 
7.49 – 7.42 (m, 2H, Hd), 4.73 (s, 2H, Hf), 3.06 – 2.19 (m, 22H, Hg-s). 13C NMR (126 
MHz, CDCl3): δ = 131.52 (3C), 130.29 (2C), 129.19 (2C), 127.29 126.23 (2C), 
125.03 (2C), 124.08 (2C), 49.26, 49.05, 48.75, 48.48, 45.48, 31.94, 29.71, 22.71, 
14.14. [M+H]+ C23H34N5 calc. 380.2809, found 380.2807 (for HRMS, the HCl salt 
was used for stability purposes).  
 
 [2-({2-[(2-Aminoethyl)-tert-butoxycarbonyl-amino]-ethyl}-tert-butoxycarbonyl-
amino)-ethyl]-[2-(3-phenylpropylamino)-ethyl]-carbamic acid tert-butyl ester 
(S14) 
 
To a solution of 8 (1.5 g, 3.06 mmol, 2.00 equiv.) in dry EtOH (250 mL), 3-
phenylpropionaldehyde (1.50 mmol, 205 μL, 1 equiv.) was added in one portion. The 
reaction was stirred under N2 for 72 h at room temperature. NaBH4 (9.1 mmol, 346 
mg, 6 equiv.) was then added in portions and the reaction was kept stirring under N2 
for another 24 h. After this time H2O (100 mL) was added to the reaction mixture and 
the product was extracted with CH2Cl2 (3 x 100 mL). The combined organic phases 
were washed with brine, dried over MgSO4 and the solvent was removed under 
reduced pressure. Column chromatography (SiO2, MeOH/CH2Cl2/NH3 25:75:2.5) 
gave S14 (350 mg, 38%) as a colorless oil. 1H NMR (400 MHz, CDCl3): δ = 7.31 – 
7.22 (m, 2H, Hb), 7.22 – 7.09 (m, 3H, Ha,c), 3.48 – 3.16 (m, 12H), 2.87 – 2.68 (m, 4H, 
Hg,s), 2.65 (t, J = 7.5 Hz, 4H, Hd,f), 1.99 (bs, 1H, Hh), 1.89 – 1.74 (m, 2H, He,r), 1.56 – 
1.35 (m, J = 2.2 Hz, 27H, Hj,m,p). 13C NMR (101 MHz, CDCl3): δ = 155.20 (3C), 
142.74, 128.36 (5C), 128.35, 125.86 (2C), 79.97 (3C), 50.76, 49.17, 48.03, 47.49, 
45.49, 40.66, 33.46, 31.60, 28.33 (9C). HRMS ESI [M+H]+ C32H58O6N5 calc. 
608.4382, found 608.4376. 
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{2-[(Anthracen-9-ylmethyl)-amino]-ethyl}-{2-[tert-butoxycarbonyl-(2-{tert-
butoxycarbonyl-[2-(3-phenylpropylamino)-ethyl]-amino}-ethyl)-amino]-ethyl}-
carbamic acid tert-butyl ester (9) 
 
To a solution of S14 (320 mg, 0.60 mmol, 1.0 equiv.) in dry EtOH (250 mL), 9-
anthraldehyde (0.12 g, 0.60 mmol, 1.0 equiv.) was added in one portion. The reaction 
was stirred under N2 for 72 h at room temperature. NaBH4 (100 mg, 2.60 mmol, 4.5 
equiv.) was then added in portions and reaction was kept stirring under N2 for another 
24 h. After this time H2O (100 mL) was added to the reaction mixture and the product 
was extracted with CH2Cl2 (3 x 100 mL). The combined organic phases were washed 
with brine, dried over MgSO4 and the solvent was removed under reduced pressure. 
Column chromatography (SiO2, MeOH/CH2Cl2 2.5:97.5 ) gave 9 (263 mg, 55%) as an 
orange oil. 1H NMR (500 MHz, CDCl3): δ = 8.40 (s, 1H, Ha), 8.33 (dd, J = 5.8, 3.3 
Hz, 2H, He), 8.00 (d, J = 7.8 Hz, 2H, Hb), 7.51 (d, J = 7.0 Hz, 2H, Hd), 7.45 (t, J = 7.1 
Hz, 2H, Hc), 7.31 – 7.22 (m, 2H, Hw), 7.20-7.16 (m, 3H, Hv,x), 4.75 (s, 2H, Hf), 3.52 – 
3.11 (m, 13H, Hh-m,o), 3.11 – 2.94 (m, 2H, Hg), 2.82 – 2.68 (m, 2H, Hn), 2.64 (t, J = 
7.1 Hz, 4H, Hs,u), 1.86 – 1.74 (m, 2H, Hu), 1.50 – 1.37 (m, 27H, Hr). 13C NMR (126 
MHz, CDCl3): δ = 155.70(3C), 142.25, 131.69(4C), 130.44, 129.28(2C), 128.50(2C), 
128.48(2C), 127.39, 126.20, 125.93(2C), 125.07(2C), 124.52, 124.27, 79.90(3C), 
49.45, 48.13(2C), 47.51(2C), 45.84, 45.50(4C), 33.71, 32.00, 28.59(9C). HRMS ESI 
[M+H]+ C47H68O6N5 calc. 798.5164, found 798.5156. 
 
{2-[(Anthracen-9-ylmethyl)-amino]-ethyl}-(2-{tert-butoxycarbonyl-[2-(tert-
butoxycarbonyl-{2-[[2-(4-nitro-phenyl)-allyl]-(3-phenylpropyl)-amino]-ethyl}-
amino)-ethyl]-amino}-ethyl)-carbamic acid tert-butyl ester (S15) 
 
To a degassed solution of 9 (290 mg, 0.36 mmol, 1 equiv.) in dry MeOH (30 mL), 10 
(63 mg, 0.18 mmol, 0.5 equiv.) was added in one portion. The reaction mixture was 
kept stirring under N2 at RT for 72 h in the presence of DIPEA (189 μL, 1.08 mmol, 3 
equiv.). After this time, another portion of the walker (32 mg, 0.09 mmol 0.25 equiv.) 
was added in one portion and the reaction was kept stirring for another 72 h. After this 
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time, H2O (30 mL) was added. The mixture was extracted with CH2Cl2 (2 x 30 mL), 
dried over MgSO4 and the solvents were removed under reduced pressure. Column 
chromatography (SiO2, MeOH/CH2Cl2, 5:95) gave S15 (110 mg, 42%) as an orange 
oil. 1H NMR (500 MHz, CDCl3): δ = 8.40 (s, 1H, Ha), 8.38 – 8.28 (m, 2H, He), 8.18 – 
8.10 (m, 2H, Hb), 8.00 (d, J = 7.8 Hz, 2H, Hb’), 7.59 (d, J = 8.5 Hz, 2H, Ha’), 7.56 – 
7.49 (m, 2H, Hd), 7.46 (t, J = 7.2 Hz, 2H, Hc), 7.26 (t, J = 7.4 Hz, 2H, Hw), 7.17 (t, J 
= 7.1 Hz, 1H, Hx), 7.11 (d, J = 7.1 Hz, 2H, Hv), 5.61 – 5.46 (bs, 1H, Hz), 5.41 (s, 1H, 
Hy), 4.76 (s, 2H, Hf), 3.55 – 2.87 (m, 16H, Hg-n,p), 2.65 – 2.39 (m, 6H, Hg,s,u), 1.81 – 
1.70 (m, 2H, Ht), 1.50 – 1.29 (m, 27H, Hr). 13C NMR (126 MHz, CDCl3): δ = 155.24 
(3C), 147.05, 144.31 (2C), 142.05, 131.56 (5C), 130.33 (2C), 129.16 (2C), 128.32 
(4C), 127.29, 126.14 (2C), 125.82, 124.95, 124.33, 124.13, 123.43, 123.35, 118.58, 
79.69 (3C), 59.09, 53.66 (4C), 51.64, 48.87, 48.42, 47.15, 45.65 (2C), 33.58, 28.66 
(2C), 28.46 (9C). HRMS ESI [M+H]+ C56H75O8N6 calc. 959.5641, found 959.5640.  
 
N-{2-[(Anthracen-9-ylmethyl)-amino]-ethyl}-N'-(2-{2-[[2-(4-nitro-phenyl)-allyl]-
(3-phenylpropyl)-amino]-ethylamino}-ethyl)-ethane-1,2-diamine (7) 
 
 
To a solution of S15 (58 mg, 0.05 mmol, 1.0 equiv.) in CH2Cl2 (5 mL), trifluoroacetic 
acid (5 mL) was added dropwise. The reaction was left stirring open to air, at RT, and 
the disappearance of the substrate was monitored by ESI-MS. After 5 h, 10 mL of 
CH2Cl2 was added to the reaction mixture and solution was carefully neutralized 
using NaHCO3 (sat). The layers were separated and the aqueous layer was extracted 
with CH2Cl2 (10 mL). The combined organic layers were dried over MgSO4 and the 
solvents were removed under reduced pressure to give 7 (34 mg, quant.) as an orange 
oil. 1H NMR (500 MHz, CDCl3): δ = 8.44 (s, 1H, Ha), 8.34 (d, J = 8.8 Hz, 2H, He), 
8.11 (d, J = 8.8 Hz, 2H, Hs), 8.01 (d, J = 8.4 Hz, 2H, Hb), 7.61 – 7.51 (m, 4H, Hd,r), 
7.51 – 7.44 (m, 2H, Hc), 7.25 (t, J = 7.4 Hz, 3H, Hx), 7.17 (t, J = 7.4 Hz, 1H, Hy), 7.11 
(d, J = 7.1 Hz, 2H, Hw), 5.53 (s, 1H, Hq), 5.38 (s, 1H, Hp), 4.90 (s, 2H, Hf), 3.46 (s, 2H, 
Ho), 3.05 (t, J = 5.7 Hz, 2H, Hg), 2.94 (t, J = 5.7 Hz, 2H, Hh), 2.82-2.79 (m, 8H, Hi,j,k,l), 
2.79-2.73 (m, 2H, Hn), 2.73 – 2.67 (m, 2H, Hm), 2.53 (dd, J = 15.8, 8.5 Hz, 4H, Ht,u), 
1.84 – 1.69 (m, 2H, Hv). 13C NMR (126 MHz, CDCl3): δ = 147.19, 146.73, 143.73, 
141.89, 131.54 (2C), 130.74 (2C), 129.40 (2C), 128.51 (2C), 128.46 (2C), 128.30 
(2C), 127.42, 126.76 (4C), 126.02, 125.31, 123.97 (2C), 123.58 (2C), 119.44, 59.16, 
53.55, 49.48, 47.52 (2C), 46.96, 45.88, 45.86, 45.67, 44.72, 44.40, 33.56, 28.03. 
[M+H]+ C41H51O2N6 calc. 659.4068, found 659.4066. 
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3-Phenylpropionaldehyde-d1 (S16) 
 
To a solution of hydrocinnamic acid (10 g, 66.6 mmol) in dry MeOH (200 mL), 
thionylchloride (10 mL) was added slowly at 0 °C. The reaction was allowed to warm 
to RT and stirred for 16 h after which the solvent was removed under reduced 
pressure. The crude material was dissolved in CH2Cl2 and washed with H2O. The 
aqueous layer was extracted with CH2Cl2 (3 x 50 mL) and the combined organic 
phases were dried over MgSO4. The solvent was removed under reduced pressure and 
3-phenylpropionic acid methyl ester (10.9 g, quant.) was isolated. The reaction crude 
was submitted to the next step without further purification. 1H NMR (400 MHz, 
CDCl3): δ = 7.30–7.25 (m, 2H, HAr), 7.23–7.17 (m, 3H, HAr), 3.66 (s, 3H), 2.94 (t, J = 
8.0 Hz, 2H), 2.62 (t, J = 8.0 Hz, 2H). 
 
Under N2, a solution of 3-phenylpropionic acid methyl ester (2 g, 12.2 mmol, 1.0 
equiv.) in dry THF (20 mL) was added slowly to a solution of LiAlD4 (1.02 g, 24.4 
mmol, 2.0 equiv.) in dry THF (100 mL) at 0 °C. The mixture was stirred for 16 h at 
room temperature after which the reaction mixture was cooled to 0 °C and 1 mL of 
H2O was added carefully dropwise. After 30 min at 0 °C, 1 mL of NaOH (aq, 15%) 
was added slowly and the mixture was stirred at 0 °C for other 30 min. Another 3 mL 
of H2O were added slowly and after 30 min at 0 °C, MgSO4 was added. The mixture 
was filtered over celite and washed with THF and EtOAc. The solvents were removed 
under reduced pressure and 3-phenylpropan-1-ol-d2 (1.52 g, 91%) was isolated. The 
crude product was submitted to the next step without further purification. 1H NMR 
(400 MHz, CDCl3): δ = 7.34–7.28 (m, 2H, HAr), 7.25–7.19 (m, 3H, HAr), 2.72 (t, J = 
8.0 Hz, 2H), 1.89 (t, J = 8.0 Hz, 2H). 13C NMR (101 MHz, CDCl3): δ = 141.93, 
128.49, 128.46, 125.92, 61.46, 34.05, 32.08. 
 
3-Phenylpropan-1-ol-d2 (1.52 g, 11.01 mmol, 1.0 equiv.) was dissolved in CH2Cl2 (75 
mL). Dess-Martin periodinane (4.67 g, 11.04 mmol, 1.0 equiv.) was added and the 
reaction was stirred for 16 h at room temperature. The reaction mixture was filtered, 
dried over MgSO4 and the solvent removed under reduced pressure. Column 
chromatography (SiO2, EtOAc:Pet 93:7) gave S16 (1.18 g, 79%) as a colorless oil. 1H 
NMR (400 MHz, CDCl3): δ = 7.34–7.28 (m, 2H, HAr), 7.25–7.19 (m, 3H, HAr), 2.97 (t, 
J = 7.5 Hz, 2H, He), 2.79 (t, J = 7.7 Hz, 2H, Hd). 13C NMR (101 MHz, CDCl3): δ = 
201.4 (t, J = 26.4 Hz, C-D), 140.5, 128.6, 128.3, 126.3, 28.15.  
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N-(3-Phenylpropyl)-pentane-1,5-diamine-d2 (S17) 
 
To a solution of 1,5-pentanediamine (524 mg, 5.13 mmol, 1.2 equiv.) in dry MeOH 
(60 mL), 3-phenylpropionaldehyde-d1 S16 (577 mg, 4.27 mmol, 1.0 equiv.) was 
added in one portion. The reaction was stirred under N2 for 72 h at room temperature. 
NaBD4 (360 mg, 8.55 mmol, 2.0 equiv.) was then added and the reaction was kept 
stirring under N2 for 15 h. After this time H2O (30 mL) was added to the reaction 
mixture and product was extracted with CH2Cl2 (3 x 50 mL). The combined organic 
phases were washed with brine, dried over MgSO4, and the solvent was removed 
under reduced pressure. Column chromatography (SiO2, MeOH:CH2Cl2:NH3 (aq. 
10%) 20:80:1.5) gave S17 (502 mg, 44%) as a colorless oil. 1H NMR (400 MHz, 
CDCl3): δ = 7.30 – 7.25 (m, 2H, Hb), 7.20 – 7.15 (m, 3H, Ha,c), 2.71 – 2.57 (m, 6H, 
Hd,g,k), 1.84 – 1.78 (m, 2H, He), 1.53 – 1.47 (m, 4H, Hh,j), 1.37–1.31 (m, 2H, Hi). 13C 
NMR (126 MHz, CDCl3): δ = 142.1, 128.3, 128.3, 125.7, 49.8, 48.7, 42.1, 33.6, 33.5, 
31.4, 29.9, 24.6. [M+H]+ C14H232H2N2 calc. 223.2138, found 223.2135. 
 
 (3-Phenylpropyl)-[5-(2,2,2-trifluoro-acetylamino)-pentyl]-carbamic acid tert-
butyl ester-d2 (S18) 
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Synthesized according to a modified literature procedure.[1] 
 
Under N2, S17 (475 mg, 2.14 mmol, 1.0 equiv.) was dissolved in CH2Cl2 (30 mL) and 
cooled to 0 °C. Ethyl trifluoroacetate (0.28 mL, 2.35 mmol, 1.1 equiv.) was added 
dropwise over 30 min to protect the primary amine. This mixture was then stirred for 
30 min at 0 °C and then at room temperature for an additional 1 h. To the resulting 
mixture, a solution of Boc2O (700 mg, 3.21 mmol, 1.5 equiv.) in CH2Cl2 (10 mL) was 
added dropwise. Dry Et3N (0.45 mL, 3.21 mmol, 1.5 equiv.) was then added and the 
solution was stirred for 15 h at RT. The reaction mixture was then washed with 
NaHCO3 (sat). The organic layer was separated, washed with water, dried over 
MgSO4, and the solvent removed. Column chromatography (SiO2, MeOH:CH2Cl2  
2.5:97.5) afforded S18 (678 mg, 76%) as a colorless paste. 1H NMR (400 MHz, 
CDCl3) δ 7.32 – 7.24 (m, 2H, Hb), 7.20 – 7.15 (m, 3H, Ha,c), 3.37–3.21 (m, 2H, Hk), 
3.25 – 3.07 (m, 2H, Hg), 2.59 (t, J = 8.0 Hz, 2Hd), 1.83 (t, J = 8.0 Hz, 2He), 1.65 – 
1.55 (m, 2H, Hj), 1.55 – 1.38 (m, 11H, Hh,l), 1.35 – 1.24 (m, 2H, Hi). 13C NMR (126 
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MHz, CDCl3): δ =157.3, 155.8, 141.6, 128.4, 128.2, 125.9, 115.9, 79.3, 46.7, 46.2, 
39.8, 33.2, 30.0, 28.4, 28.4, 27.7, 23.6. [M+H]+ C21H302H2F3O3N2 calc. 419.2485, 
found 419.2488 
 
 (5-Aminopentyl)-(3-phenylpropyl)-carbamic acid tert-butyl ester-d2 (S19) 
 
To a solution of S18 (655 mg, 1.56 mmol, 1.0 equiv.) in MeOH (10 mL), NaOH (313 
mg, 7.82 mmol, 5.0 equiv.) in H2O (7 mL) was added. The mixture was stirred at RT 
for 15 h. After this time, methanol was removed, the residue was dissolved in CH2Cl2, 
washed with H2O and extracted with CH2Cl2 (3 x 20 mL). The combined organic 
layers were dried over MgSO4, and the solvent was removed under reduced pressure 
to afford S19. The crude material (497 mg) was used in the next step without further 
purification. 1H NMR (400 MHz, CDCl3): δ = 7.29 – 7.23 (m, 2H, Hb), 7.20 – 7.13 (m, 
3H, Ha,c), 3.20–3.06 (m, 2H, Hg), 2.66 (t, J = 7.0 Hz, 2H, Hk), 2.58 (t, J = 8.0 Hz, 2H, 
Hd), 1.82 (t, J = 8.0 Hz, 2H, He), 1.53 – 1.37 (m, 13H, Hh,j,l), 1.30 – 1.23 (m, 2H, Hi). 
13C NMR (126 MHz, CDCl3): δ = 155.7, 141.9, 128.4, 128.3, 125.9, 79.1, 47.0, 46.3, 
42.1, 33.4, 33.3, 30.4, 28.5, 28.5, 24.2. [M+H]+ C19H312H2O2N2 calc. 323.2662, found 
323.2667. 
 
 (3-Phenylpropyl)-[5-(3-phenylpropylamino)-pentyl]-carbamic acid tert-butyl 
ester-d2 (S20)  
 
To a solution of S19 (467 mg, 1.45 mmol, 1.0 equiv.) in dry MeOH (50 mL), 3-
phenylpropionaldehyde (214 mg, 1.59 mmol, 1.1 equiv.) was added in one portion. 
The reaction was stirred under N2 for 72 h at room temperature. NaBH4 (164 mg, 4.35 
mmol, 3.0 equiv.) was then added and the reaction was kept stirring under N2 for 
another 4 h. After this time H2O (50 mL) was added to the reaction mixture and the 
product was extracted with CH2Cl2 (3 x 30 mL). The combined organic phases were 
washed with brine, dried over MgSO4 and the solvent was removed under reduced 
pressure. Column chromatography (SiO2, MeOH/CH2Cl2 5:95 ) gave S20 (260 mg, 
41%) as a colorless oil. 1H NMR (400 MHz, CDCl3): δ = 7.30–7.25 (m, 4H, Hb,p), 
7.21–7.15 (m, 6H, Ha,c,o,q), 3.22–3.05 (m, 2H, Hg), 2.68–2.63 (m, 4H, Hd,n), 2.63–2.56 
Campaña et al. ‘A Small Molecule that Walks Non-Directionally…’ S25 
 
(m, 4H, Hk,l), 1.89 – 1.80 (m, 4H, He,m), 1.55 – 1.40 (m, 13H, Hh,j,r), 1.32–1.22 (m, 2H, 
Hi). 13C NMR (126 MHz, CDCl3): δ = 155.7, 142.0, 128.4, 128.4, 128.3, 125.9, 79.2, 
49.7, 49.4, 46.9, 46.3, 33.7, 33.3, 31.3, 28.58, 24.70. [M+H]+ C28H412H2O2N2 calc. 
441.3445, found 441.3444. 
 
{5-[[2-(4-Nitro-phenyl)-allyl]-(3-phenylpropyl)amino]-pentyl}-(3-phenylpropyl)-
carbamic acid tert-butyl ester-d2 (S21)   
 
To a degassed solution of S20 (200 mg, 0.46 mmol, 1.0 equiv.) in dry MeOH (30 mL), 
10 (190 mg, 0.92 mmol, 1.2 equiv.) was added in one portion. The reaction mixture 
was kept stirring under N2 at 40 °C for 65 h in the presence of DIPEA (240 μL, 1.36 
mmol, 3.0 equiv.) After this time, the reaction was cooled to room temperature and 
H2O (30 mL) was added. The mixture was extracted with CH2Cl2 (3 x 30 mL), dried 
over MgSO4, and the solvent removed under reduced pressure. Column 
chromatography (SiO2, MeOH:CH2Cl2, 1:99) gave S21 (202 mg, 88%) as an orange 
oil. 1H NMR (400 MHz, CDCl3): δ = 8.16 (d, J = 12 Hz, 2H, Hv), 7.62 (d, J = 12 Hz, 
2H, Hu), 7.31 – 7.22 (m, 4H, Hb,p), 7.22 – 7.15 (m, 4H, Ha,c,q), 7.15–7.08 (m, 2H, Ho), 
5.53 (s, 1H, Hs), 5.40 (s, 1H, Ht), 3.42 (s, 2H, Hr), 3.18–3.04 (m, 2H, Hg), 2.59 (t, J = 
8.0 Hz, 2H, Hd), 2.51 (t, J = 8.0 Hz, 2H, Hn), 2.48–2.37 (m, 4H, Hk,l), 1.82 (t, J = 8.0 
Hz, 2H, He), 1.77–1.68 (m, 2H, Hm), 1.51 – 1.31 (m, 13H, Hh,j,m), 1.20–1.11 (m, 2H, 
Hi). 13C NMR (101 MHz, CDCl3): δ = 155.6, 147.1, 147.0, 144.6, 142.3, 128.4, 128.4, 
128.3, 127.4, 125.9, 125.8, 123.4, 118.5, 79.2, 59.2, 53.7, 53.1, 47.0, 33.7, 33.3, 30.2, 
28.5, 28.5, 24.8. [M+H]+ C37H482H2O4N3 calc. 602.3921, found 602.3919. 
 
N-[2-(4-Nitro-phenyl)allyl]-N,N'-bis-(3-phenylpropyl)-pentane-1,5-diamine-d2 (4). 
 
To a solution of S21 (200 mg, 0.33 mmol, 1.0 equiv.) in CH2Cl2 (8 mL), 
trifluoroacetic acid (2 mL) was added dropwise. The reaction was left stirring open to 
air, at RT, and the disappearance of the substrate was monitored by ESI-MS. After 5 h, 
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15 mL of CH2Cl2 was added to the reaction mixture and solution was carefully 
neutralized using NaHCO3. The layers were separated and the aqueous layer was 
extracted with CH2Cl2 (2 x 15 mL). The combined organic layers were dried over 
MgSO4 and the solvents were removed under reduced pressure to give 4 (87 mg, 52%) 
as an orange oil. 1H NMR (400 MHz, CDCl3): δ = 8.15 (d, J = 8.9 Hz, 2H, Hv), 7.62 
(d, J = 8.9 Hz, 2H, Hu), 7.33 – 7.25 (m, 4H, Hb,p), 7.24 – 7.15 (m, 4H, Ha,c,q), 7.14-
7.08 (m, 2H, Ho), 5.52 (s, 1H, Hs), 5.39 (s, 1H, Ht), 3.42 (s, 2H, Hr), 2.64 (t, J = 8.0 
Hz, 2H, Hd), 2.57-2.36 (m, 8H, Hg,k,l,n), 1.80 (t, J = 8.0 Hz, 2He), 1.78-1.66 (m, 2H, 
Hm), 1.47-1.34 (m, 4H, Hh,j), 1.23-1.15 (m, 2H, Hi). 13C NMR (101 MHz, CDCl3) δ 
147.3, 147.0, 144.7, 142.4, 142.1, 128.5, 128.4, 128.4, 127.4, 125.9, 125.8, 123.4, 
118.5, 59.2, 53.6, 53.2, 49.8, 33.8, 33.7, 31.7, 30.1, 29.8, 28.5, 26.7, 25.3. [M+H]+ 
C32H402H2O2N3 calc. 502.3397, found 502.3389. 
 
N-[2-(4-Nitro-phenyl)allyl]-N,N'-bis-(3-phenylpropyl)-pentane-1,5-diamine-d2 (3). 
 
Compound 3 was synthesized according to scheme S8. Experimental procedures are 
analogous to the ones described for the synthesis of compound 4. Yields are shown in 
scheme S8. 
1H NMR (400 MHz, CDCl3): δ = 8.18 (d, J = 8.9 Hz, 2H, Hv), 7.65 (d, J = 8.9 Hz, 2H, 
Hu), 7.33 – 7.25 (m, 4H, Hb,p), 7.24 – 7.15 (m, 4H, Ha,c,q), 7.14 (d, J = 7.0 Hz, 2H, Hr), 
5.55 (d, J = 0.9 Hz, 1H, Hs), 5.42 (d, J = 1.0 Hz, 1H, Ht), 3.45 (s, 2H, Hr), 2.70 – 2.62 
(m, 4H, Hd,f), 2.58–2.50 (m, 4H, Hg,n), 2.43 (t, J = 8.0 Hz, 2Hk), 1.89–1.80 (m, 2H, 
He), 1.76–1.71 (m, 2H, Hm), 1.50-1.38 (m, 4H, Hh,j), 1.24–1.18 (m, 2H, Hi). 13C NMR 
(101 MHz, CDCl3) δ 147.1, 147.0, 144.7, 142.4, 142.0, 128.5, 128.4, 127.4, 126.0, 
125.8, 123.4, 118.5, 59.2, 53.6, 53.1, 49.8, 33.8, 33.7, 29.8, 28.5, 26.7, 25.3. [M+H]+ 
C32H402H2O2N3 calc. 502.3397, found 502.3390. 
 
N-(3-Phenylpropyl)-octane-1,8-diamine (S27) 
 
To a solution of 1,8-octanediamine (0.757 g, 5.20 mmol, 1.0 equiv.) in dry EtOH (100 
mL), 3-phenylpropionaldehyde (685 μL, 5.20 mmol, 1.0 equiv.) was added in one 
portion. The reaction was stirred under N2 for 72 h at room temperature. NaBH4 (2.30 
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g, 62.0 mmol, 12 equiv.) was then added in portions and reaction was kept stirring 
under N2 for another 12 h. After this time H2O (50 mL) was added to the reaction 
mixture and product was extracted with CH2Cl2 (3 x 100 mL). The combined organic 
phases were washed with brine, dried over MgSO4 and the solvent was removed 
under reduced pressure. Column chromatography (SiO2, MeOH:CH2Cl2:NH3(30% in 
H2O) 10: 90:1.5) gave S27 (550 mg, 40%) as a colorless oil. 1H NMR (400 MHz, 
CDCl3): δ = 7.33 – 7.23 (m, 2H, Hb), 7.22 – 7.14 (m, 3H, Ha,c), 2.70 – 2.61 (m, 6H, 
Hd,f,n), 2.61 – 2.55 (m, 2H, Hg), 1.88 – 1.77 (m, 2H, He), 1.56 – 1.37 (m, 4H, Hm,h), 
1.29 (s, 8H, Hi,j,k,l). 13C NMR (101 MHz, CDCl3): δ = 141.75, 128.30 (4C), 125.74, 
49.95, 49.49, 42.14, 33.72, 33.62, 31.62, 30.00, 29.38 (2C), 27.25. [M+H]+ C17H31N2, 
calc. 263.2482, found 263.2478. 
 
(3-Phenylpropyl)-[8-(2,2,2-trifluoroacetylamino)-octyl]-carbamic acid tert-butyl 
ester (S28) 
 
Synthesized according to the modified literature procedure.[1] 
Under N2, S27 (550 mg, 2.09 mmol, 1 equiv.) was dissolved in CH2Cl2 (50 mL) and 
cooled to 0 °C. Ethyl trifluoroacetate (0.274 mL, 2.30 mmol, 1.1 equiv.) was added 
dropwise over 30 min to protect the primary amine. This mixture was then stirred for 
30 min at 0 °C and at room temperature for additional 1 h. To the resulting mixture, a 
solution of Boc2O (685 mg, 3.14 mmol, 1.5 equiv.) in CH2Cl2 (5 mL) was added 
dropwise. Dry Et3N (0.438 mL, 3.144 mmol, 1.5 equiv.) was then added and the 
solution was stirred for 12 h at RT. The reaction mixture was then washed with 
NaHCO3. The organic layer was separated, washed with water, dried over Na2SO4 
and evaporated. Column chromatography (SiO2, MeOH/CH2Cl2  4:94 ) afforded S28 
(960 mg, 88%) as a colorless paste. 1H NMR (500 MHz, CDCl3) δ 7.32 – 7.24 (m, 2H, 
Hb), 7.23 – 7.12 (m, 3H, Ha,c), 6.33 (bs, 1H, Hp), 3.35 (q, J = 13.6, 6.8 Hz, 2H, Hn), 
3.29 – 3.04 (m, 4H, Hf,g), 2.59 (t, J = 8.0 Hz, 2H), 1.84 (dt, J = 12.0, 8.0 Hz, 2H), 
1.63 – 1.53 (m, 2H, Hm), 1.54 – 1.38 (m, 11H, Hn,o), 1.38 – 1.19 (m, 6H, Hl,i,j). 13C 
NMR (126 MHz, CDCl3): δ = 157.44, 155.78, 141.92, 128.52(4C), 125.99, 114.88, 
79.24, 47.17, 46.99, 40.07, 33.42, 30.48, 29.03, 28.62 (6C), 26.66 (2C). [M+H]+ 
C24H38F3N2O3, calc. 459.2829, found 459.2824. 
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(8-Aminooctyl)-(3-phenylpropyl)-carbamic acid tert-butyl ester (S29) 
 
To a solution of S28 (800 mg, 1.7 mmol, 1 equiv.) in MeOH (5 mL), NaOH (500 mg, 
12.5 mmol, 13.6 equiv.) in H2O was added. The reaction mixture was stirred at RT for 
5 h. After this time the solvent was removed under reduced pressure, the residue was 
dissolved in H2O, and extracted with CH2Cl2 (5 x 20 mL). The combined organic 
layers were dried over MgSO4 and solvent was removed under reduced pressure. 
Purification by column chromatography (SiO2, MeOH/CH2Cl2  20:80) afforded S29 
(412 mg, 67%) as a colorless oil. 1H NMR (400 MHz, CDCl3): δ = 7.38 – 7.26 (m, 2H, 
Hb), 7.26 – 7.11 (m, J = 7.8 Hz, 3H, Ha,c), 3.18 (bs, 4H, Hf,g), 2.69 (t, J = 7.0 Hz, 2H, 
Hn), 2.62 (t, 2H, Hd), 1.86 (dt, 2H, He), 1.57 – 1.37 (m, 13H, Hh,m,o), 1.37 – 1.20 (m, 
8H, Hi,j,k,l). 13C NMR (101 MHz, CDCl3): δ = 155.63, 139.81, 128.37 (2C), 128.30 
(2C), 125.86, 79.05, 47.15, 46.84, 42.27, 33.86, 33.30, 29.47, 29.37, 28.49 (3C), 
26.83 (4C) [M+H]+ C22H39N2O2, calc. 365.2911, found 365.3006. 
 
 (3-Phenylpropyl)-[8-(3-phenylpropylamino)octyl]-carbamic acid tert-butyl ester 
(S30) 
 
To a solution of S29 (680 mg, 1.87 mmol, 1.0 equiv.) in dry EtOH (100 mL), 3- 
phenylpropionaldehyde-d1 (203 mg, 1.50 mmol, 0.8 equiv.) was added in one portion. 
The reaction was stirred under N2 for 72 h at room temperature. NaBD4 (370 mg, 9.00 
mmol, 6 equiv.) was then added in portions and reaction was kept stirring under N2 
for another 12 h. After this time H2O (50 mL) was added to the reaction mixture and 
the product was extracted with CH2Cl2 (3 x 50 mL). The combined organic phases 
were washed with brine, dried over MgSO4 and the solvent was removed under 
reduced pressure. Column chromatography (SiO2, MeOH/CH2Cl2 5:95 ) gave S30 
(430 mg, 47%) as a colorless oil. 1H NMR (400 MHz, CDCl3): δ = 7.28 (dd, J = 7.6, 
6.7 Hz, 4H, Hb,t), 7.18 (dd, J = 10.1, 4.3 Hz, 6H, Ha,c,s,u), 3.35-2.98 (m, 4H, Hf,g), 2.65 
(t, J = 8.0 Hz 2H, Hd), 2.59 (dt, J = 15.4, 8.4 Hz, 4H, Hn,r), 1.90 – 1.77 (m, 4H, He,p), 
1.54 – 1.38 (m, 13H, Hm,h,o), 1.36–1.18 (s, 8H, Hi,j,k,l). 13C NMR (101 MHz, CDCl3): δ 
= 155.75, 142.33, 128.48, 128.44, 128.42, 125.95, 125.87, 79.15, 50.09, 47.27, 46.96, 
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33.82, 33.41, 31.65, 30.27, 29.66, 29.46, 28.61, 27.45, 26.96. [M+H]+ C31H47D2N2O2, 
calc. 483.3914, found 483.3900. 
 
{8-[[2-(4-Nitro-phenyl)-allyl]-(3-phenylpropyl)amino]-octyl}-(3-phenylpropyl)-
carbamic acid tert-butyl ester (S31) 
 
To a degassed solution of S30 (400 mg, 0.82 mmol, 1 equiv.) in dry MeOH (50 mL), 
10 (342 mg, 0.98 mmol, 1.2 equiv.) was added in one portion. The reaction mixture 
was stirred under N2 at 50 °C for 72 h in the presence of DIPEA (420 μL, 2.46 mmol, 
3 equiv.) After this time, the reaction was cooled to room temperature and H2O (50 
mL) was added. The mixture was extracted with CH2Cl2 (2 x 30 mL), dried over 
MgSO4 and the solvents were removed under reduced pressure. Column 
chromatography (SiO2, MeOH/CH2Cl2, 3:97) gave S31 (400 mg, 76%) as an orange 
oil. 1H NMR (400 MHz, CDCl3): δ = 8.20 – 8.11 (m, 2H, Hy), 7.67 – 7.59 (m, 2H, Hx), 
7.32 – 7.22 (m, 4H, Hb,s), 7.22 – 7.14 (m, 4H, Ha,c,t), 7.11 (d, J = 6.9 Hz, 2H, Hr), 5.53 
(s, 1H, Hw), 5.40 (s, 1H, Hv), 3.42 (s, 2H, Hu), 3.31–3.02 (m, 4H, Hf,g), 2.60 (t, J = 8.0 
Hz 2H, Hd), 2.50 (t, J = 8.0 Hz 2H, Hq), 2.39 (t, J = 7.4 2H, Hn), 1.84 (dt, J = 15.3, 7.7 
Hz 2H, He ), 1.71 (t, J = 87.7 2H, Hp), 1.52 – 1.41 (m, 11H, Hh,o), 1.36 (dt, J = 14.3, 
7.2 Hz, 2H, Hm), 1.30 – 1.09 (m, 8H, Hi,j,k,l). 13C NMR (101 MHz, CDCl3): δ = 147.09, 
146.98, 144.70, 142.33 (2C), 128.37 (2C), 128.30 (6C), 127.34 (2C), 125.73 (2C), 
123.29 (2C), 118.30, 79.04, 59.06, 53.61, 47.15 (2C), 46.90, 33.63, 33.30, 29.58, 
29.44 (2C), 28.49 (5C), 28.18, 27.44, 26.89, 26.73. [M+H]+ C40H54D2N3O4, calc. 
644.4391, found 644.4385. 
 
N-[2-(4-Nitro-phenyl)-allyl]-N,N'-bis-(3-phenylpropyl)-octane-1,8-diamine (5). 
 
To a solution of S31 (200 mg, 0.31 mmol, 1 equiv.) in CH2Cl2 (5 mL), trifluoroacetic 
acid (5 mL) was added dropwise. The reaction was left stirring open to air, at RT, and 
the disappearance of the substrate was monitored by ESI-MS. After 5 h, 5 mL of 
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CH2Cl2 was added to the reaction mixture and the solution was carefully neutralized 
using NaHCO3. The layers were separated and the aqueous layer was extracted with 
CH2Cl2 (10 mL). The combined organic layers were dried over MgSO4 and the 
solvent removed under reduced pressure to give 5 (90 mg, 53%) as an orange oil. 1H 
NMR (400 MHz, CDCl3): δ = 8.22 – 8.14 (m, 2H, Hy), 7.68 – 7.61 (m, 2H, Hx), 7.32 
– 7.25 (m, 4H, Hb,s), 7.24 – 7.16 (m, 4H, Ha,c,t), 7.16 – 7.10 (m, 2H, Hr), 5.55 (d, J = 
0.9 Hz, 1H, Hw), 5.41 (d, J = 1.1 Hz, 1H, Hv), 3.44 (s, 2H, Hu), 2.72 – 2.63 (m, 4H, 
Hf,g), 2.59 (t, J = 7.4 Hz, 2H, Hd), 2.51 (t, J = 8.0 Hz, 2H, q), 2.40 (t, J = 7.4 Hz, 2H, 
Hn), 1.85 (dt, J = 7.5, 7.5 Hz, 2H, He), 1.72 (t, J = 7.7 Hz, 2H, Hp), 1.48 (dt, J = 14.6, 
7.4 Hz, 2H, Hh), 1.39 (dt, J = 7.4, 7.4 Hz, 2H, Hm), 1.35 – 1.14 (m, 8H, Hi,j,k,l). 13C 
NMR (101 MHz, CDCl3): δ = 147.09, 147.11, 144.71, 142.34, 128.37 (2C), 128.34 
(2C), 128.30 (4C), 127.35 (2C), 125.78, 125.73, 123.29 (2C), 118.30, 59.10, 53.60, 
49.96, 49.52, 33.71 (C2), 33.64, 31.58 (3C), 29.57, 29.51, 28.18, 27.44, 27.34, 26.74, 
[M+H]+ C35H46D2N3O2, calc 544.7863, found 544.3853. 
 
N-[2-(4-Nitro-phenyl)-allyl]-N,N'-bis-(3-phenylpropyl)-octane-1,8-diamine (6) 
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Compound 6 was synthesized according to scheme S10. Experimental procedures are 
analogous to the ones described for the synthesis of compound 5. Yields are shown in 
scheme S10. 
1H NMR (500 MHz, CDCl3): δ = 8.18 – 8.12 (m, 2H y), 7.67 – 7.59 (m, 2H x), 7.31 – 
7.22 (m, 4H b,s), 7.22 – 7.14 (m, 4H r,c,t), 7.14 – 7.08 (m, 2H, Ha), 5.53 (d, J = 0.7 Hz, 
1H, Hw), 5.39 (d, J = 1.0 Hz, 1H, Hv), 3.42 (s, 2H, Hu), 2.65 (t, J = 7.5, 2H, Hq), 2.60 
(t, J = 7.3, 2H, Hn), 2.50 (t, J = 7.6, 2H, Hd), 2.44 (t, J = 7.1, 2H, Hf), 2.39 (t, J = 7.2, 
2H, Hg), 1.84 (t, J = 7.8, 2H, Hp), 1.72 (dt, J = 7.5, 7.6 Hz, 2H, He), 1.47 (dt, J = 7.4, 
7.4 Hz, 2H, Hm), 1.37 (dt, J = 7.0, 7.0 Hz, 2H, Hh), 1.31 – 1.10 (m, 8H, Hi,j,k,l). 13C 
NMR (126 MHz, CDCl3): δ = 147.23, 147.11, 144.84, 142.46, 142.03, 128.51(2C), 
128.50 (2C), 128.44 (4C), 127.49 (2C), 125.98, 125.88, 123.43 (2C), 118.47, 59.29, 
53.78, 53.24, 49.78, 33.82, 33.69 (2C), 31.06, 29.85, 29.81, 29.63, 29.60, 28.61, 27.57, 
27.40, 26.85. [M+H]+ C35H46D2N3O2, calc 544.3867, found 544.3856. 
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1.4. 1H NMR spectra of selected compounds 
 
Figure S1. 1H NMR spectra (400 MHz, CDCl3, 298 K) of compound 1. 
 
 
Figure S2. 1H NMR spectra (400 MHz, CDCl3, 298 K) of compound 7. 
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2. Experiments starting with three-foothold track-walker conjugate 1 
2.1. Solvent dependency of the walking process. 
 
Scheme S11. Equilibrium established between walker-track conjugate 1 and its positional isomer 2 as a 
result of the walking process. 
A solution of 1 (5 mM) in various solvents (CDCl3, CD2Cl2, CD3CN, MeOD, 
[D6]DMSO and [D7]DMF) was monitored using 1H NMR spectroscopy. The stacked 
partial spectra recorded at t = 0 h and t = 15 h are shown below. 
No signals corresponding to formation of 2 were observed when CDCl3 (Figure S3) 
and CD2Cl2 (Figure S4) were used as the reaction medium. 
 
Figure S3. Partial 1H NMR spectra (400 MHz, CDCl3, 5 mM, 298 K) of 1 at t = 0 h and t = 15 h. 
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Figure S4. Partial 1H NMR spectra (400 MHz, CD2Cl2, 5 mM, 298 K) of 1 at t = 0 h and t = 15 h. 
Slow exchange was observed when CD3CN (1:0.2 ratio of 1:2) (Figure S5) and 
MeOD (1:0.1 ratio of 1:2) (Figure S6) were used as the solvent. 
 
Figure S5. Partial 1H NMR spectra (400 MHz, CD3CN, 5 mM, 298 K) of 1 at t = 0 h and t = 15 h. 
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Figure S6. Partial 1H NMR spectra (400 MHz, MeOD, 5 mM, 298 K) of 1 at t = 0 and t = 15 h. 
When [D6]DMSO (Figure S7) and [D7]DMF (Figure S8) were used as the solvent, 
after 15 h a similar, close-to-1:1 ratio of 1:2 was observed.  
 
Figure S7. Partial 1H NMR spectra (400 MHz, [D6]DMSO, 5 mM, 298 K) of 1 at t = 0 and t = 15 h. 
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Figure S8. Partial 1H NMR spectra (400 MHz, [D7]DMF, 5 mM, 298 K) of 1 t = 0 and t = 15 h. 
2.2. Ratio of 1:2 in different solvents over time. 
The formation of compound 2 in different solvents over time is shown in Figure S9. 
 
Figure S9. Formation of compound 2 in different solvents over time (5 mM, 298 K) 
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2.3. Influence of the concentration on the walking process. 
A solution of 1 in [D7]DMF at various concentration (5 mM, 15 mM and 50 mM) was 
monitored using 1H NMR spectroscopy. The integrated vinyl signal Hc of isomer 2 
(Scheme S11) being formed during the exchange at different concentrations is shown 
in Figure S10. At different concentrations the relative ratio of positional isomers 1:2 
at given times is independent of the reaction concentration. Moreover, no additional 
vinyl signals indicating the presence of two walker units attached on the same track 
were observed. This experiment suggests that the exchange process is predominantly 
intramolecular. 
 
Figure S10. Molar fraction of 2 ([D7]DMF, 298K) at various concentrations (5, 15 and 50 mM).  
2.4. Rate constants and t1/2 of the walking process in DMSO. 
Compound 1 was dissolved in [D6]DMSO (5 mM) at 298 K. The amount of 2 formed 
over time is shown in Figure S11. The experimental data was fitted to reversible 1st 
order rate equations (Eq. 1). 
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 Figure S11. Concentration of 2 (mM) vs time (s). Experimental data are shown as black dots. The red 
line represents the best fit according to equation 1.  
Rate constants for the forward k1 = 1.19×10-4 s-1 and backward k-1 = 1.31×10-4 s-1 
processes were determined and an average half-life t1/2 = 1.54 h was calculated. In 
other words, under these conditions the walker unit takes one step on average every 
~1.5 h. 
 
3. Processivity study 
The processivity study was carried out by analogy to other synthetic small-molecule 
walker processivity studies.[3,4] To determine the approximate loss of processivity 
during the walking process we performed a track-crossover study using electrospray 
ionization mass spectrometry (ESI-MS) analysis (Scheme S12). The main objective of 
this experiment was to find out if, and to which extent, processivity is lost during the 
walking process due to formation of scrambling species. 
 
[2]eq = 2.375 mM
Eq. 1[2] = [2]eq (1- e- (k1 + k-1) t )
t1/2 = ln2 / k
= k1 [1] - k-1 [2]dt
d[2]
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Scheme S12. Concept of the track-crossover experiment. 
 
3.1. MS analysis of reference mixture of 1, S4, S6 and S8 in a 1:1:1:1 molar ratio. 
A mixture of 1, S4, S6, and S8 in a 1:1:1:1 molar ratio was dissolved in [D6]DMSO 
(20 mM) and immediately analyzed by ESI-MS (Figure S12). The molar ratio of the 
mixture was confirmed by 1H NMR spectroscopy. 
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Figure S12. a) ESI-MS spectrum of the mixture of compounds S4 (m/z = 340.3 [M+H]+), S6 (m/z = 
426.4 [M+H]+), 1 (m/z = 501.3 [M+H]+) and S8 (m/z = 587.4 [M+H]+) in a 1:1:1:1 molar ratio. Several 
measurements and the average are represented. 
As can be seen from Figure S12, the four compounds showed very different relative 
tendencies for ionization. Therefore correction factors were used in order to properly 
analyze the competition experiments (Table S1). 
Campaña et al. ‘A Small Molecule that Walks Non-Directionally…’ S39 
 
 
Compound 
m/z 
[M+H]+ 
ESI-MS 1 ESI-MS 2 ESI-MS 3 ESI-MS 4 Mean 
Correction 
Factor 
S4 340.3 90.62 45.62 39.37 99.37 90.9325 0.7597 
S6 426.4 89.37 45.62 37.5 100.62 45.7775 1.5090 
1 501.3 91.87 46.25 40.62 100.31 39.5275 1.7476 
S8 587.4 91.87 45.62 40.62 100 100.075 0.6902 
Table S1. Intensity of the mass for each compound obtained in the ESI-MS spectrum shown in Figure 
S12. Four separate measurements are shown. The correction factors were determined from the average 
intensity of the four measurements. 
 
3.2. MS analysis of a mixture of 1 and S6 (1:1 molar ratio) after operation. 
A mixture of three-foothold track-walker conjugate 1 and walker-free track S6 in a 
1:1 molar ratio was subjected to walking conditions ([D6]DMSO, 20 mM, 298 K). 
The mixture was analyzed periodically by ESI-MS. The results after 3 days of 
exchange are shown in Figure S13. 
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Figure S13. a) ESI-MS spectrum of the mixture of compounds S6 (m/z = 426.4 [M+H]+) and 1 (m/z = 
501.3 [M+H]+) in a 1:1 molar ratio after 3 days in DMSO (20 mM) at 298 K.  
 
After 3 days at 20 mM, scrambling compounds S4 and S8 were present as 
approximately 2.7% of the reaction mixture. Double attachment of a walker to a 
single track also needs to be taken into consideration in order to estimate the overall 
loss of processivity. If we assume that the walker exchanges with five-foothold track 
S6 and three-foothold track-walker conjugate 1 with equal probability then the 
scrambling products would represent at most 5.5% of the reaction mixture. 
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3.3. MS analysis of mixture of S4 and S8 (1:1 molar ratio) after operation. 
A mixture of five-foothold track-walker conjugate S8 and walker-free track S4 in a 
1:1 molar ratio was subjected to walking conditions ([D6]DMSO, 20 mM, 298 K). 
The mixture was analyzed periodically by ESI-MS. The results after 3 days of 
exchange are shown in Figure S14. 
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Figure S14. a) ESI-MS spectrum of the mixture of compounds S4 (m/z = 340.3 [M+H]+)  and S8 (m/z 
= 587.4 [M+H]+) in a 1:1 molar  ratio after 3 days in DMSO (20 mM) at 298 K.  
After 3 days at 20 mM, scrambling compounds S6 and 1 were present as 
approximately 2.1% of the reaction mixture. Estimating the double attachment of a 
walker to one track as described in Section 3.2, gave an estimate of scrambling 
products of ~ 4.1%.  
3.4 Mean step number determination 
In both cases (Sections 3.2 and 3.3) the system proved to be highly processive; after 3 
days of exchange the walker takes an average of 48 steps (as t1/2 = 1.5 h for one step) 
and less than 6% of the walkers have detached from their original track or transferred 
to a different track. 
t1/2 (in h) 
Number of 
steps taken 
in 3 days 
Processivity 
loss in 3 days 
(in %) 
Processivity 
loss during 1 
step (in %) 
Function for 
processivity decay 
 (p; n = steps) 
Mean step 
number 
1.5 48 6 0.125 p = p0 (1-0.00125) n 532 
Table S2. Summary of the key deductions drawn from the experimental data. The processivity loss 
during 3 days in % is the maximum amount of scrambling products experimentally observed during 3 
days. The processivity loss during one step results from division of the previous value by the number of 
steps taken by the walker in 3 days (48 steps). The exponential function for processivity decay 
describes the level of processivity in the system p after n steps, where p0 is the level of processivity to 
start with (typically: p0 = 1). The mean step number is calculated from the exponential function by 
equation (II) in Fig. S15 and gives the number of steps after which in 50 % of the molecules the walker 
moiety is no longer connected to the original track. 
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The processivity of the walking process under these conditions or, in other words, the 
fraction of molecules in which the walker moiety is still connected to its original track, 
can be described by an exponential function (equation and graph shown in Fig. 
S15).[3,4] The exponential decay gives a mean step number of 532 at which a molecule 
loses its processivity. 
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Figure S15. Decay of processivity as described by the exponential function (i). p = fraction of 
molecules attached to same track; p0 = initial fraction of molecules connected to original track (in the 
graph p0 = 1.0); n = number steps. Mean step number nmean was calculated according to equation (ii). 
 
p = p0 (1-0.00125)n = p0 (0.9987)n(i)
(ii) nmean =
log(0.5)
log(0.9987)
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4. Overstepping study 
 
Figure S16. Compounds synthesized for the overstepping study. Overstepping of one and of two 
footholds is examined with pairs of compounds (3 and 4) and (5 and 6) respectively.  
 
To determine how likely the walker is to take a ‘double’ (1,7-) step while migrating 
along the track, compound 4 was dissolved in [D6]DMSO (5 mM) and the exchange 
process was monitored by 1H NMR spectroscopy. The results obtained are shown in 
Figure S17. 
 
Figure S17. Partial 1H NMR spectra (400 MHz, [D6]DMSO, 5 mM, 298 K) of (from the top to the 
bottom): a) reference compound 3; b) compound 4 after 48 h on exchange conditions; c) compound 4 
The expanded region ( = 2.30–2.60 ppm) shows distinctive signals for the two positional isomers. 
After 48 h under exchange conditions, compound 4 remained stable and the product 
of intramolecular exchange (3) was not observed. This suggests that a ‘double’ step 
(1,7-) is not favored under these exchange conditions. 
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To determine how likely the walker is to take a ‘triple’ (1,10-) step while migrating 
along the track compound 5 was dissolved in [D6]DMSO (5 mM) and the exchange 
process was monitored by 1H NMR spectroscopy. The results obtained are shown in 
Figure S18 
 
Figure S18. Partial 1H NMR spectra (400 MHz, [D6]DMSO, 5 mM, 298 K) of (from the bottom to the 
top): a) reference compound 6; b) compound 5 at t = 48 h; c) spectrum of 5 at t = 0 h. The expanded 
region ( = 2.25-2.65 ppm) shows distinctive signals for the two positional isomers. 
After 48 h under exchange conditions, compound 5 remained stable and product of 
intramolecular exchange (6) was not observed. This suggests that a ‘triple’ step (1,10-) 
is not favored under these exchange conditions. 
These results suggest that on a longer polyamine track the walker should migrate 
predominantly through exchange between adjacent amine footholds. 
 
5. Fluorescence experiments of model compounds 
To determine if the distance between the walker unit and a fluorophore in the track 
influences its fluorescence, model compounds: commercial 9-
(methylaminomethyl)anthracene, and synthesized S9, S12, S13 were used. 
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Figure S19. Model compounds used for fluorescence experiments 
In compounds S9 and S12 the walker is attached to the track at a different distance 
from the anthracene moiety. To take into account the influence of the polyamine 
tracks on the anthracene fluorescence, walker-free track S13 was synthesized as well. 
5.1. Fluorescence intensity of model compounds. 
The fluorescence intensity of the four model compounds (9-
(methylaminomethyl)anthracene, S9, S12, S13) were measured and compared in 
EtOH (spectrophotometric grade) at 1.0×10-5 M. The results are shown in Figure S20. 
 
Figure S20. Fluorescence emission spectra of model compounds 9-(methylaminomethyl)anthracene, 
S9, S12 and S13 in EtOH (1.0×10-5 M) (exc = 366 nm, em = 413 nm). 
The fluorescence of 9-(methylaminomethyl)anthracene is the most intense, followed 
by compound S13 in which anthracene is linked to the pentamine track. It is known 
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that the fluorescence of anthracene in anthrylmethylamines is quenched by 
intramolecular photoinduced electron transfer (PET) from the nitrogen lone pair to the 
anthracene moiety.[5] Comparison of fluorescence intensity of compounds S12 and 
S13 showed that attachment of the walker unit at the far end of a pentamine track 
resulted in additional quenching of the fluorescence. Moreover, a drastic decrease of 
emission intensity is observed when the walker unit is attached close to the anthracene 
moiety as can be seen from the fluorescence spectrum of compound S9. 
This study shows that the inter-chromophoric distance between the walker unit and 
the anthracene moiety in the polyamine track very significantly influences its 
fluorescence. When the walker unit is close to the anthracene, the fluorescence is 
quenched. 
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5.2. Fluorescence lifetime measurements 
To establish the mechanism involved in the fluorescence quenching, fluorescence 
lifetimes of 9-(methylaminomethyl)anthracene, compound S9 and compound 7 were 
measured in two different solvents, EtOH and DMSO. The results are shown in Table 
S2. 
 
Lifetime, 
τ (ns) 
Error 
of τ  B Value 
Error 
of B 
% of 
lifetime 
2 
EtOH       
 Compound 7       
τ1 2.1674 0.05867 B1 3219.103 54.3102 0.568833 1.156 
τ2 7.3444 0.06356 B2 2440.03 52.9902 0.431167  
 9-(Methylaminomethyl)anthracene        
τ1 1.472 0.588 B1 259.454 58.1668 0.054431  
τ2 7.0947 0.03148 B2 4507.189 41.8997 0.945569 1.294 
 Compound S9        
τ1 2.3113 0.0751 B1 2324.56 51.3308 0.671307  
τ2 7.4097 0.15667 B2 1138.18 55.7242 0.328693 1.132 
DMSO       
 Compound 7       
τ1 1.4114 0.1282 B1 1997.757 93.7439 0.154288  
τ2 8.9423 0.11969 B2 9153.719 77.8489 0.706947  
τ3 14.5  B3 1796.765 118.6852 0.138765 0.992 
 9-(Methylaminomethyl)anthracene        
τ1 1.8304 0.43955 B1 1232.242 232.3519 0.086034  
τ2 7.0255 0.22277 B2 12195.23 334.1733 0.851457  
τ3 14.0018 2.0424 B3 895.307 519.2721 0.062509 1.169 
 Compound S9        
τ1 1.2156 0.18853 B1 875.635 77.7351 0.238521  
τ2 6.6125 0.46877 B2 2024.183 109.1589 0.551383  
τ3 15.6548 1.15804 B3 771.286 158.5916 0.210096 1.044 
Table S2. Fluorescence lifetime measurements of 9-(methylaminomethyl)anthracene, compound 7 and 
S9 in EtOH and DMSO. Decay data were fitted to two or three-exponential decays. 
The long fluorescence lifetimes of 9-(methylaminomethyl)anthracene, compound S9 
and the final compound 7 are similar in both solvents used (~7 ns in EtOH; ~14 ns in 
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DMSO). These results showing no appreciable decrease in fluorescence lifetime 
indicate that the quenching occurs via a static quenching mechanism. 
5.3. Influence of concentration on the fluorescence intensity 
The fluorescence intensity of several solutions of compound 9-
(methylaminomethyl)anthracene in EtOH (spectrophotometric grade) at increasing 
concentrations were measured. The results are shown in Figure S21. 
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Figure S21. Y-axis represents integration of fluorescence intensity (380-550nm) after removing the 
background at increasing concentration of 9-(methylaminomethyl)anthracene in EtOH. 
Increasing the concentration of 9-(methylaminomethyl)anthracene resulted in a linear 
increase of fluorescence intensity. This result shows that the quenching is due to an 
intramolecular interaction. 
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6. Experiments starting with five-foothold track-walker conjugate 7 
A solution of five-foothold track-walker conjugate 7 (20 mM) in [D6]DMSO was 
monitored every 30 min using 1H NMR spectroscopy. The stacked partial spectra 
recorded each hour from t = 0 to t = 6.5 h are shown in Figure S22. 
 
Figure S22. Stacked partial 1H NMR spectra (400 MHz, [D6]DMSO, 20 mM, 298 K) of 7 at increasing 
reaction times. See Figure S7 for the assignment of signals. 
Quantification of each positional isomer was not possible due to the chemical 
similarity of inner footholds, but it was possible to identify at which moment the 
walker unit reaches the end of the track due to the shift of the methylene protons Hf 
(δHf = 4.76 ppm), close to the anthracene unit, caused by the presence of the α-
methylene-4-nitrostyrene walker (ΔδHf = 0.06 ppm). 
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